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PREFACE . 


Owing to the new regulations, it has hccomo necessary 
for All who wish to graduate in Modicino at tjio Calcutta 
University to obtain knowledge of the structure of 
animals by dissection. 'Jho anatomy of vertebrate 
►types is described in many good books, but the common 
invertebrate animals of lien gal, which are jMiculiar to 
the country* *h*vfe not been described hitherto in any 
text-l)Ook. It is necessary that tlje types for dissection 
•Hliould lw of connnou animals, which may bo obtained 
in largo quantises. In England oven Protozoa can be 
conveniently obtained by purchase. This is not the 
case in # India; but the source of the material for our 
’classes must lxs # as certain in in other countries. The 
typjs selected are not in all cases those required by 
the University syllabus. Some of the types mentioned 
therein, such as Euglena, Sphenopus, Eunice, Bipaliuin, 
and certain Echinoderms, cannot be obtained in suflicient 
'quantities for classes which may number as many as 
one huntfr^d an*d fifty students. Because iff was urgently 
required, the book has boon written somewhat hurriedly, 
and iB 'therefore likely, to contain errors. I shall l>e 
grateful *to other *teachers in ln«ya *wlio may poiut 
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them oat. In drawing the figures, I have tried to 
express only what I have seen ; when possible, the out- 
line was guided by the camera lucida. 

The last chapters of the book deal with Evolution, 
Variation, and Heredity in a simple manner. It is 
difficult to decide what should be taught altout these 
debatable subjects, but as they are fast growing in 
importance at the present day, they should, I think, bo 
introduced to the students’ notice. 

I have troated these subjects here much as in the 
lecture room - that is to say k in the way that has seemed 
best to me as a result of observation and reading. My 
chief endeavour has been to awaken the interest of 
students in these subjects. Tlowover much of truth 
or untruth the* teaching may contain, the interest shown 
'In it hitherto by a number of my students has l>een 
encouraging. 

[ am much indebted to Alessrs. Macmillan & Co. 
for their kindness in allowing mo to make uso of certain 
illustrations (viz. Plate XIV., in totu ; Plate III., Eig. II ; 
Plate VI., Eig. C) ; and to Mossrs. Smith, Eider & Co. 
for the kind permission to make a quotation from 
Marshall & Hunt's “ Practical Zoology.” 


R. E. Ij. 
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INTRODUCTION 

(To tub Student) 


A student who, for the first time, enters upon n course 
of training in Biology or in Suiy othor science, will find 
that the subject is somewh&t different from other kinds 
of learning. He will find that his attention is directed 
towards material things, their appearance and l>ehnviour. 
The observations and thoughts of those who havo ex- 
amined the material things of title world are expressed 
'in many bookB. ■ Theso books are the guides whicl? 
will help the stftdent to acquire experience ; but he can 
only gain experience of things by examining them for 
himself. Scienco is our united experience of material 
things as expressed in books. The student must 
approach scionco in a spirit of inquiry as to whether 
bis observations agree with those of others, and as to 
whether the thoughts of others, as expressed in tho 
.books, find a natural reflection in his own mind. Ho 
iff at lijy^ty tp^ form his own opinions ; # the only test 
of the worth of his opinions to himself is that they 
aboil be clear and definite, and«not uncertain or hazy. 

Biology treats of material things which are endowed 
with life. The anifnnl and # vegetaBle kingdoms are so 
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large that a man can only study a Binull part of them. 
Suppose for example that, of several independent ob- 
servers, each studies a different part of the animal or 
vegetable kingdom : one may study the four-footed, hairy 
animals, another may examine the fish, the flowering 
plants, or the ferns. They examine them in all their 
aspects, as mgards their minute stricture* their method 
of reproduction, and in their relation to the other living 
things which surround them. Although the tilings 
which they examine are ii» many wayB dissimilar, each 
independent observer will discover certain truths which, 
on comparison, will be found to agree with those dis- 
covered by the other observers. Certain general truths 
are therefore applicable to the whole range of living 
things. It is these general truths which constitute the 
Science of Biology. The importance of Biology lwcomes 
manifest as soon as it is clearly recogxized that man- 
kind is one with all living things. 

^Xnjs Me thoh qjbl -Study. —The student must seek 
for knowledge of living ilfings from the things them- 
selves; he must examine their outward form, tfceir 
internal anatomy, uiul their minute structure as seen 
with the help ox the microscope. Having un^prstoed 
the structure of an animal by dissection and obsefvation, 


he must express it in some way, in order ^that his 
impressions may l>e clear, and that he may compare 


them with those of othe& people^ The beBt method jof 


expressing such observations is by drawing.* # Hence, 
under the new regulations of the Calcutta University, 
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candidates for examination in Biological subjects must 
submit tlioir books of drawings in order to show that 
they have personal experience of the subject. This 
rule is vexatious to those students who possess the gift 
of artistic expression in a very small degree. But it is 
not necessary that the drawings should possoss any 
artistic merit ; • they # may he tlje simplest oj diagrams, 
provided that they express tho results of carefully made 
observations. 

The difficulty of representing the relative size and 
positions of the various features of a dissection may be 
Overcome by using dividing compasses. By means of 
these instruments, the size of the various organs and 
the distance between them may be measured in the 
dissection, and transferred directly to the paper. Those 
students, to whom it is a particularly difficult matter to > 
represent the structure of an animal by drawing, should 
consider that they are inferior to their fellows in the 
clearness of their mental pictures of structures in 
'general, and that they are therefore in special need of 
that # trainiilg which they will obtain in their efforts to 
overcome the difficulty. 

v ^Tiie J Dse of the MiCKoftcoPE.- The student will be 
shown how to use the microscope in the laboratory 
when the instrument is before him ; it is therefore 
unoecessai^ to *deal with the subject at l&ngth, but it 
is well to emphasize two important rules which are 

often violated, even by those Who have used the instru- 

• • 

ment sevefral times. > 
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The Foam. -Tl ia necessary at all times, and especially 
when examining objects with the higher powors of 
magnification, to keep the hand on the fine adjustment 
screw, and to constantly alter the focus of the instru- 
ment. Even the minutest object has an upper and a 
lower surface, and is bounded by sides, but beneath 
the microscope these several aspects canfiot all be seen 
at the same time. In the early part of their training, 
students often fail to understand the form of microscopic 
objects because they have* not learnt the habit of con- 
stantly altering the focus of the instrument. Suppose 
for example, that an observer is trying to understand* 
the shape of three microscopic objects, which, unknown 
to him, are in reality very minute cylindrical glass 
bottles. They are all alike in shape, but they lie in 
‘different positions, and because of this they will each 
present a different appearance when t o\amined under 
the microscope. Through a microscope we look down 
upon an object from above, therefore a bottle, that is 
standing up'ight will appear simply as ji eirclo of glass;' 
another, which is leaning obliquely agaifist it, r will 
appear as an ovil figure; a third, which is lying on 
its side, will piobably he dut of focus, and therefore 
invisible ; but, it it can be seen, it will be tine Anly oue 
of the three which will give the observer a due to* the 

q I & g 

form of the object— in it be will be able to soo the sieves 
of ilic bottle 1 in all thoiy length, the bottom, the neck, 
and the cork, if there w' oue. While the focutf screws 
are at rest, all tliatitho observer can*see lies in a single 
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plane, .which is like a section cut horizontally through 
the various objects. This section is called an optical 
section. It is impossible to form an opinion as to the 
whole form of a solid body by examining ono section 
of it, but by shifting the focus many optical sections 
are brought into view, the upper and lower surfaces of 
the object becdhie visible, and, the form of, the whole 
object becomes known to the observer. 

lt # is necessary to lay stress on this simple* rule, for 
it often happens that student* will sit in the class-room 
with hands folded, waiting fov the demonstrator to snow 
fhem something which they cannot see, simply because 
it isflut of focus. Just as in dissecting the hand helps 
the eye to search, so also, in using the microscope', the 
hand must never be at rest, but should manipulate the 
focus adjustment screw. 

The Lhfht Kiipfiljf. Microscopic objects of an animal 
and vegetable kind can only lie examined properly when 
they are, transparent. If they are opaque, they must 
he rendered transparent by ti^atmont, or fcliey must be 
cut up int(f slices or sections which are so thin that 
light can pass through them. Pieces of animal and 
vegetable^ matter become iftoro or less formless when 

dry; -tlufy must thoroforo be examined in some fluid. 

• • 

A pimple method of examination is to place the object 
in « drop or wafer upon a piece of glass cAlled a slide. 
Th^ drop containing the object is then covered with 
another jriece of very thin glasft, which is called a cover 
slip. The slide is placed upon the stag§ ofthe microscope ; 
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light in reflected from the mirror of the microscope 
upwards through the glass slide, through the object 
and the water in which it lies, and the superimposed 
cover slip, and finally through the lenses of the instru- 
ment and into the eye of the observer. Most micro- 
scopes are provided with two mirrors, a flat one and 
a concave ,one, which aye set baclj to back, and form a 
single pivoted disc. Between the mirror and the stage 
there is, 'even in the simplest microscopes, some con- 
trivance by means of which the operator can stop as 
much or as little of the reflected light as he wishes. 
In some microscopes this contrivance takes the form 
of a metal plate or diaphragm, which is pierced by a 
number of circular apertures of different sizes, any 
one ot which may .be interposed between the mirror 
' and the stage ; other microscopes have an “ iris dia- 
phragm,” which contains a single aperture ot variable 
size, like the pupil of the eyo. 

In order to examine a small transparent object with 
the microscope to the best advantage, t{ie light from the 
mirror must be regulated. The practical importance 
of controlling the light will become known to the student 
after he has made tho following experiment : Prepare 
a minute filament of glass by melting the middle of a 
glass rod in a flame and quickly drawinj? the ends 
apart, place' a small piece of it in water on a glass 
slide, and examine it ( under the low power of o the 
microscope. Regulate the light in tho following 


manner : — 
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l.*Use the Hat mirror, and let the aperture of the 
diaphragm be as small as a pill’s head. 

52. Use the concave mirror, and let the aperture be 
wide open. 

Under the iirst conditions the filament w ill be very 
easy to see, because its margins are defined by broad 
black lines, but unden the second conditions the margins 
transmit light to the eye, so that the object is less easy 
to see. The student will understand this whdu he Iuib 
learnt how light is refractod ‘Or bent as it passes from 
one transparent substance 1 into another of different 
density. The practical point to he learnt from tlio 
experiment is that a delicate and colourless object, hucIi 
as a bacillus or the tail of a spermatozoon, is invisible 
when illuminated by the whole light of a concave mirror ; 
Lhis fact must nover he forgotten. ] 

Under the conditions of the first experiment the 
hold definition of the object is due to the refraction of 
the light passing through it; in other words, we may 
explain the phenomenon as "being due to the fact that 
the 'glass filament is of greater density than the water 
in which it is lying. This may he proved by examining 
the filament in some fluid of greater density than water, 
such as Canada balsam (or glycerine). In this condition 
tlft) 'object is almost invisible, for the glass filament and 
thto balsam are nearly of the same density, and the light 
passes straight througli both > of them without being 
refracted. # . 

Htaining. — If iif the last expeivment we had used 
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a filament of red or blue glass, it would have been very 
easy to see because of its colour, and, as a whole, it 
would present a truer appearance than when defined 
by thick black lines as in the conditions of tlio first 
experiment. Moreover, it would be most visible when 
illuminated by strong light -that is to say, by the un- 
reduced light of a concave mirroy. This explains the 
custom of staining microscopical objects, and indicates 
how stained objects should be examined. Home simple 
methods of staining will bo described subsequently. The 
process of staining and mounting objects in Canada 
balsam is not usually carried out by the students in 
an elementary courso, but objects which have been so 
treated are frequently offered tor observation. Briefly 
the process is as follows : After being stained, the object 
is first soaked in alcohol and water, then in absolute 
alcohol until all water is subtracted from it. The 
object is then placed in clove oil, and subsequently 
transferred to the Canada balsam, in which it is mounted 
permanently on a glass slide. An important reason 
for staining micioscopical objects is to render certain 
parts of them visible by contrast. Some of the sub- 
stances whicn constitute an organism absorb, variius 
stains more readily than others; some of them have 
a special power of taking up certain stams. The 
peculiar relations between such substances and the 
various kinds of colouring matter is of great use in 
microscopical investigations. 

Dissection. — In order to examine the structure of 
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any animal to the best advantage*, it is uecessary to 
commence the dissection in a particular manner, and 
to proceed from start to finish in orderly succession. 
In the case of each type the various steps of the dis- 
section are indicated in the foregoing pages. These 
steps should be carefully followed by the student, but 
as there is more to the seen pi the structure ol the 
animals than is described in these pages, the book 
should not be followed too closely. The student must 
form the habit of learning from his dissection : he should 
treat the book merely as a girtde. 

Injection. A good method of in\ estimating some of 
the hollow sac-like organs which occur in many animals 
is by the injection oi coloured fluids. This is easily 
performed in the case oi small animals by means ot an 
ordinary hypodermic syringe. A suitable fluid for in- 
jection is pure ctarmine, which can be finely ground up 
in wilier but does not dissolve, it is necessary that 
the (‘aniline should be pure. As purchased in India, this 
pigment is usually adulter a ten with soluble 'dyes, such 
as ecfcin, which stains the walls ot the organs, and 
diffuses through them so as to spoil the effect ot the 
injection, 

Injectioii with a hypodermic syringe is easy to per- 
form. Tli'i hollow needle must be thrust through the 
' i ’ , e < 

wall of the organ into the cavity with some care, so 

that, the opposite wall iq not damaged ; the piston ol 
the syringe must be pressed slowly, otherwise the cavity 
which is lieing injectfed may burst. ‘'Injection is often 
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performed in order to demonstrate the vascular systems 
of those animals which have colourless blood, but the 
method is also very useful to discover the outlet arid 
communications of hollow organs, such as the kidneys 
of the snuil and the prawn. 



CHAPTER I 
TllE IMiOTCf/OA 

Animals avo composed of living matorial, which is called 
protoplasm. Except in the simplest animals the proto- 
plasm is arranged in the form of separate units or cells, 
#ieh a minute piece of living matter. A complex animal 
is composed of a vast number of fhoso cells, which are 
of different kinds and are comhinod to form the fabric 
of the body, much in the samo way as bricks, beams, 
and tiles are combined to form a house. It is the custom 
to regard tho body of the simplest animals as though it 
worn one cell; that is to say, it may lie compared, 
though not exactly, with ono of tho units which combine 
to form a complex animal. Tlie simplest animals are, 
therefore, described as unicellular, while . others are 
called multicellular. Unicellular animals are, as a group, . 
namfld-the Protozoa. Multicellular animals are named 
Metazoa.' 

_/x<j^toEM v — The Amoeba is among the simplest of the 
Protozoa. * The hotly of an Amoeba consists of a minute 
portion of naked protoplasm, whijh is not constant in its 
form, bulr variable from moment to moment, Amoebae 
are very minute ; with* tho aid of a mizroscope they may 


a 
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be found in various situations — among vogetatipn in 
fresh-water ponds, in water which contains rotting organic 
material, and also as parasites in the intestines of many 
of the higher animals. v In company with other kinds of 
Protozoa they may be obtaiued from what are callod 
infusions. To make an infusion a quantity of hay or 
leaves must be placed in water. After about twenty-four 
hours or more, according to the temperature, the water 
looks yellowish, and the surface becomes covered with an 
opaque film. If some of this film be removod and 
examined under the microscope, it will be seen to contain 
numerous minute rod-like bodies, many of which mov° 
actively ; these are bacteria which have emerged from 
minute round bodies called spores, just as a chicken 
emerges from its egg. The spores of the bacteria aro 
present everywhere, attached to the hay and floating in 
the air. They are not killed by ordinary heat and 
drought; they are reproduced in the bodies of parent 
bacteria. The appearance ol the bacteria in the water 
marks the first stage of putrefaction. Soon after the 
<appoarance of the bacteria, various Protozoa may bo 
found in the infusion ; these have emerged from bodies 
called cysts, wnich also aro distributed everywhere. The 
Protozoa feed actively upon the bacilli and upon one 
another. 

As an examplo of an Amoeba, a' large form which 
is sometimes found in infusions will be first described. 
To obtain ; t, place a piece of straw from a two or three 
days’ infusion uf on a glass slide, and scrape it with a 
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knife* Place a cover-slip over the dirty greyish-looking 
fluid which has exuded, and examine it under the low 
power of the microscope. Among the various organisms 
in the fluid may sometimes he seen an Amoeba largo 
enough to be recognized without much difficulty. When 
found, examine it under the high power. 

The Amoeba is piece of Jiving matorijl or proto- 
plasm ; it is translucent, but not equally so throughout ; 
it is surrounded by an outer layer, or ectoplasm, which 
is almost as clear and transparent as glass. Tho more 
central portion, or endoplasm, is opaque, and contains 
mumorouB granules. The shape of the Amoeba is not 
constant for any length of time, but changiug, owing to 
the protrusion of blunt lobes which may bo thrust out 
from any part of the surface. When such a lobe or 
pseudo po dium is thrust out, a flowing movement of the* 
grauules of tlie« endoplasm may be observed. 9 The 
granules stream down the central axis of the pseudo- 
podiuiu until they reach the blunt end, whore they are 
reflected outwards, so that ih returning tft the main 
body, they ’take a superficial course. * The movement 
within a psoudopodium is therefore somowhat like the 
movement within a fountain of wator which is forced 
vertically into the air. When the animal wishes to 
move in 14 certain direction, a large pseudopodiura iH 
thnust out 111 that direction and the bulk of the endo- 
plasm is poured into it, ,so that the whole animal shifts 
its position. Pseudopodia arp also thrust outwards 
towards particles of food material, whieh become engulfed 
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within the ectoplasm to be passed into the endoplasm, 
where they are digested. 

Within the endonlasm is a spherical body which in 
somewhat opaque, this is the nucleus: sometimes two 
nuclei are present. (Every cell of a multicellular animal 
contains a nucleus; it is because of this fact that the 
body of an Amoeba or other Protozoon appears to be 
a single cell.) There are many particles in the endo- 
plasm which have the same appearance as the various 
particles in the surroundmg water ; they are ingosted 
food material. Sometimes they can bo seen to lie within 
minuto spherical spaces in the endoplasm, which are 
called food vacuolos. Another kind of vacuole can 
alwayB bo seen in the endoplasm; this is much larger, 
and is called the contractile vacuole. It should be 
watched while it expands slowly until it bursts like a 
bubble. When large it is near the surface ; and if then 
it be viewed from tho side, the ectoplasm which covers it 
may be seen to bulge and become thinner and thinner, 
until it ruptures at a point and the contents of tho 
vacuole are discharged. If it is viewed from above and 
not from the side, the ectoplasm around the point of 
discharge assumes a radiating appearance, which is 
perhaps due to minute folds of the surface, 'which must 
naturally form as the bulged ectoplasm sinltp back into 
its normal position. As soon as the contractile vacuole 
has discharged its contents from the body, it again 
commences 4o fill and expand as before. The cdntractile 
vacuole is doubtless an excretory organ, the fluids that 
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are discharged must contain the waste products of 
metabolism (Chap. VIII.). 

Othn Kind » of Amoebae . — A smaller kind of Amoeba is 
common among the dark green slimo which accumulates 
in wet gutters. With the help of a microscope wo can 
see that the slime from a gutter consists of a tangled 
mass of green filaments, which are minute iJants called 
Algae. A small piece of such material should be placed 
upon a slide in a drop of water, and broken up very 
finely with needles. l>y this lTieans the Amoebae become 
dislodged from among the green filaments. The slide 
should be covered and examined. Amoebae fouud in this 
way* as well as those found among Algae in fresh-water 
ponds, arc smaller than the kind just described, and 
have long, thin pseudopodia which are composed of clear 
ectoplasm throughout; that is to say, a gran u lar a xis sum 
not be_ seen in thtnn^ Otherwise, these Amoebae are like 
the kind just described, but they can be obtained with 
much greater certainty. Another kind may generally 

® s 

be obtained from "the intestine of the common cockroach. 
Am dtebae which live in the intestines of •mul ticellular 
animals are ca lled Endamoebaej on e kind of Endamoeba 
caifkes dyse n tery and liver abscess in ma n. To obtain 
Amoebae from the cockroach, kill tlio insect with chloro- 
form and tyll outlie end of the abdomeu. 'J?he intestine 
will be soen us a black chord stretching between the 
torn-off portion and the rest X the body. Cut out a 
portion, of # lliis and place it upon a slide in a 9 drop of salt 
solution. The intestine is ji membranous tube with 
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black contents ; it must be cut open with line scissors, 
tho contents scraped from the inner wall and mixed in 
the salt solution. The mixture must be covered and 
examined ; various parasites can usually be seen — thread- 
worms (Oxyurus), large ciliated Protozoa (Nyctotherus), 
and numerous Endamoebae. The Endamoebae are small, 
and must be sought for under the high power of the 
microscope. They are peculiar in being very trans- 
parent, as though entirely composed of ectoplasm, in 
which are embedded a fe\V large food particles. They 
are sometimes very activ6, and thrust out rounded 
pseudopodia with great rapidity ; at other times they 
assume a spherical form, as though resting. Although 
large Amoebae are not easily obtained in infusions, 
miuutc Amoebae may almost always be found in them. 
Such Amoebae are often very active ; but vacuoles and 
even nuclei cannot easily be seen in* them : they are 
perhaps stages in the life-history of other Protozoa. 

When the water in which Amoebae live is becom- 
ing dried ftp, they undergo encystment, assuming a 
spherical shape and surrounding themselves with an 
impervious *v\it or cyst. In this form they can resist 
drought and moderate heat ; they may be scattered by 
the wind until they find themselves hi water again. 
Amoebae have been seen issuing from rfuch cy;jts. 
he reproduction ofAmoeba is b 
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sepa rated. A tier division ot the nucleus, the entire laxly 
undergoes a similar chang e ; on separation, each half o f 
"th e bod y contai ns one- half o f the old nucleus. This 
method oi reproduction is essentially different from that 
ot multicellular animals. In the reproduction of higher 
animals, portions of the body are thrown off from time to 
time to form offspring, but the parent body must finally 
undergo death. In Amoeba, the parent body divides and 
forms two offspring, so that it does not die, lpit becomes 
continuous in (lie offspring. # Much remains to be dis- 
covered about the life -history of Amoebae. 

Protozoa, such as Amoeba, which change their shape 
and thrust out pseudopodia are placed together in a 
group and named Lobos a. Some Eobosa form hard pro- 
tecting shells for themselves. Of these the form known 
’ as Pifflugia is so metimes found in Indian ponds. This 
Protozoon forms a balloon -shaped shell by cementing 
together particles o* sand. The nucleus and most of 
the protoplasm remains within the shell, active pseudo- 
podia are thrush out through an opening ain the shell 
whjjdi represents the mouth of the balloon. 

There are certain groups of Protozoa which must be 
parsed # over hurriedly, although oach group is large 
enough* to«form the study of a lifetime. 


THE EORAMEN1EERA 


TluSse Protozoa live in tire sea, floating near the 
surface or crawling tii the bottom. «Like Difflugia they 
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form a hard shell, ometimes of sand, more often of 
calcium carbonate, which they secrete from the sea- 
water. The shells are always perforated by rninutd 
round apertures. The protoplasm lies partly within the 
shell and partly around it, and is continuous through 
the apertures. The mature shell is generally composed 
of several chambers. At the commencement of its life, 
the young iVotozoon forms for itself a single chamber 
resembling that of DilHugia, except that it is perforated ; 
when it becomes too large tor its shell it forms another, 
which is fixed to the first. « Many others are formed in 
succession as the animal grows. The several chambers 
are arranged in different ways amoug the different kinds 
— in a straight line, in a spiral, or in other ways. The 
Foramenifora are of importance as builders of the earth’s 
‘surfaco. They are very numerous in the sea ; by theii J 
united power of secretion they convert vast quantities 
of dissolved calcium salts inio solid calcium carbonate, 
which is added to the crust of the earth; Jor when a 
Foramenifeimi dies, its slildl sinks to the bottom of the 
'ocean and remains there. Iu much of its area, the piud 

t 

of the ocean is almost entirely composed of shells of 
Foramenifera, and it is also known that somg of the 
rocks which constitute the earth’s surface are alsd largely 
composed of the minute shells of Foramenifgra which 
lived in bygone ages (Chap. IX.). The Foramenifera 
differ from the Lobosa in t their method of reproduction. 

The Radiylaria are another large group of Protozoa 

1 . i 

which also are found in the sea ; 'they mostly secrete 
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perforated sheila of silica, which sink to the lloor of the 
ocean and remain there. 


j ’ the srouozoA 

These will be described in more detail, as they are 
common and somethqps cause disease. A mature Nporo- 
zoon is generally covered outwardly with a delicate and 
firm layer or cuticle, which prevents the p intrusion of 
pseudopodia, but may not prevent all movement. Con- 
tractile and other vacuoles *lo not occur in Sporozoa, 
►because the inotliod of nutrition is different from that of 
other Protozoa. The Sporozoa live as parasites within 
the bodies of multicellular animals ; although they may 
often be found lying free in the various cavities of the 
Body, they always pass some part of their life- history * 
within a cell of their host, by the juices of which they 
arexlojyrished. 

y^AloNoeisjis. — A large Sporozoon named Monocystis 
may bo obtained from the orgftns known as the seminal 
vesicles of *the earth-worm. It seems impossible to 
find an earth-worm which is not highly infected with 
this* partite. In India the degree of infection is much 
greater thali in more temperate climates. If a small ' 
portion of*)ne of the sominal vesicles of an earth-worm 
(Chap. III.) dbe pressed into a drop of salt solution upon a 
slicjp the drop will be rendered frirbid. AVitli the naked 
eye the* drop may be seen t$> contain minute white 
specks, winch are tin? Monocystis. The drop should be 




PLATE I. 

Various 1'uoto/,oa. 

A. An active Amoeba fiom fresli watei. 1. Nucleus; 2. Conti actilc 
vacuole ; 13. l’scudopodinm. 

13. The same in a » t vto of coiitractioff. 

C. An Amoeba from the intestine *>f a man wlio was suffering from 

dysentery. 1. the nucleus ; 2. remains cf ingested corpuscles from 
the man’s blood. 

D. Amoeba from tho intestine of a cockroach. 

K Amoebulae from an infusion. 

P. Voiticolla (side view). 1. macronuclens ; 2. mieronucloiis ; 3. con- 
tractile vacuole; 1. undulating membrane; 5. food vacuole; 
G. paroral cilia; 7. adoral cilia; H conti actilo fibre. 

It. Vorticclla (from above); 1 and H indicate the lirst and last cilia of» 
the adoral low; 2. vestibule; 5. di.se. (Por convenience, only the 
bases of the adA-al cilia are shown.) 

If. Nyctotherus from the intestine of the cockroach ; 1. mite ro nucleus ; 

2 micron uele us ; 3. anus ; 4. contractile \aeuule ; 5. vestibule. 

J. lforpctomngas from the intestine of a house-Ily. 1. kinctomiolous ; 

2. trophonuclcus ; 3. flagella. 

J'. Heipetomojias undergoing lissiun. 

(» ,B. — Figures A — II aro druwu approximately the same sculo 

x 480 . J— J' x aooo ) 
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covered and examine ' under the microscope. The many 
parasites which are visible are not all alike, for they 
have reached different stages in their careers. The 
stages have received different names. 

First Stage : The Trophozoite . — A trophozoite feeds 
and grows, and Btores up reserve food material; many 
other animals and plants,, besides nourishing themselveB 
for the moment, store up food material for future use. 
The body of the tropkozoitu is a single elongated cell 
surrounded by a thin cuticle, beneath which is a thin 
layer of clear ectoplasm. ‘ The endoplasm forms the 
mass of the body; i t contains many oval granules 
of resorve nutriment. The ectoplasm contains a layer 
of librils which, like tho musclo cells of multicellular 
animals, arc cupable of contraction, and perform such 
movements as the animal exhibits ; these librils cannot 
easily be seen. The nucleus is like a tacuole, in which 
lieB an opaque body called the ka ryosom m When the 
trophozoite is young, it lies embedded in the. protoplasm 
of a special ‘cell of the earth-worm which, is called a suer - 
matoblastj hut as it grows it absorbs more and mote of 
the spermatoblast until it becomes too large to be con- 
tained within that cell. Tho mature trophazoitef is 
found free in the cavity of the seminal vesicle! 

Second Stage: The (Jametocyte. — It a haSjfrepn men- 
tioned that most organisms reproduce their kind Sjy 
throwing olf minute portions of tlieir body, which g»ow 
and develop 1 until they% resemble the parent. , Such 
portions always cofitain a nucleus,* and are called germ 
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cells, or gametes. Gametes are of two kinds, male and 
female, which are usually, but not always, produced by 
Separate individuals. Tho two kinds of gametes aro 
usually unlike one another in outward appoarance, in 
which case tho female gamete is cal led an ovum , and the 
male gamete a spermatozoon ; contrary to the rule, the 
gametes of Monocystjp aro all aliko in outward appear- 
ance. Whether the two kinds of gamotos be outwardly 
alike # or unlike, their behaviour is tho samy, for they 
seek one another in pairs, apd unite to torm a single 
nucleated cell, which is called a ^ zygote . Tho single 
inucleus of tho zygote is formed by the fusion of two 
nuclei, one from eacli gamete. Tho formation of a 
zygote is the first stage in tho reproduction of all orga- 
nisms (except those few which reproduce their kind in 
the manner called parthenogonetic). 

| The trophozoite of Monocystis when full grown 
begius to form gametes, and is therefore roforred to as 
a gametocyte. Just before the process commences, the 
trophozoites bocojne associated in pairs : they lie sido by 
side # and stirround themselves with a thin layer of 
transparent material. They aro thus associated for 
purposes of reproduction within a spherical chamber 
which is^ called a cyst. The nucleus of each divides by 
mitosis (Cjjiap. ^III.) first into 2, then into 4, 8, 10, etc., 
until a" far^e nufnber of nuclei are formed. The pro- 
cess of division is not easy to # see : it proceeds within 
tho endoplasm, and is obscured by the grjyiulos. The 
result of *thn process however, can# be seen without 
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difficulty, for as so°u as the many small nuclei are 
formed, they move towards the surface of the individual 
gametocyte which produced them, and lie each within h 
small portion of clear protoplasm. A gametocyte there- 
fore becomes entirely surrounded by small units of 
protoplasm, each of which contains a nucleus. .These 
units are the gametes. r Changes* of this kind occur 
similarly and simultaneously in both of the associated 
gametocytes. On their completion, the gametes become 
detached from their fixed position, and can bo seen lying 
free in the cyst. They then become united in couples, 
and it is justly assumed that those formed by one game-* 
tocyte seok and unite with those formed by the other ; 
the fact, however, is difficult to observe, because the 
gametes produced by each individual are exactly alike 
in appearance. As a result of their union a number of 
bodies called zygotes are formed. Kaoh zygote becomes 
surrounded by a transparent coat of material called 
chitin . In this condition the zygote is referred to as a 
snoye. because it len vos tho body of the worm and lies in 
*tlie earth until it is swallowed by another worm. *. The 
contents of the spore are saved from the effects of heat 
and drought by its resistent coat. The spores ©are -oval 
in shape, with pointed ends like the outline of a boat. 
The contents of a spore become divided into oight minute 
elongated bodies which are called sporozoites. The for- 
mation of the coat and© the division of the content? of 
the spores takes place within the cyst. Cysts containing 
ripe spores and others containing ripening spores can be 
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found, without difficulty. Those cysts which coutain 
ripening spores also contain opaque granular material, 
the remnant of the endoplasm of the paront gameto- 
cytes which is expended in nourishing the spores and in 
providing them with their hard coats. 

Third Sta^c . J'hc Sporozoite- There are eight sporo- 
zoites in every sporq, each with a nucleus. When a 
spore is swallowed by a worm the sporozoites emerge 
and fflid their uay into a special cell ot the worm. They 
grow and become trophozoite^ i.t. the first stago ot the 
cycle. 

# Ooct idi\. The Coccidift are another important group 
ol Sporozoa which are parasitic within the colls ot higher 
animals; they are not found in body cavities, nor do 
they enter blood cells ; they are oval in shape and 
motionless. Their method ot reproduction is completely* 
known, and is ijie same in principle as that of tho 
Sporozoon which causes malaria in man ; it will there- 
fore be de< cribed - here, although it cannot be studied 
practically. 

DPvelopnu nt of Couutium m Infix n/i.- The 
method of reproduction differs trom that of Monocystis 
in # two. ^respects. In Monocystis ^production occurs 
only Jby* the formation and union of gametes ; repro- 
duction ($£ this kind is called sexual. In Coccidium, 
hqjvever* tftere ails two kinds ot reproduction, sexual and 
asexual. Gametes play no par^ in asexual reproduction. 
The second respect in which Monocystis aipl Coccidium 
differ refers to the outward appearance of tho gametes, 
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In Monocystis they appear alike, but in Coccidiuni they 
are outwardly of two Kinds, as in the vast majority of 
animals. Coecidiinu schubergi lives in the intestinal 
cells of the centipede Lithobiint forjiratux. 

The Trophozoite. — The trophozoite is a motionless 
7 » 

oval body which lies wholly within the cell of the intes- 
tine of the host. It absorbs nourishment and grows; 
having reached maturity it undergoes changes for the 
sake of reproduction. As wo have already mentioned, 
these changes are of two kinds. 

y/ Awxml Reproduction (Mifcagoni/). — Ry this method 
the parasites become multiplied within the body of thq 
centipede, so that more and more of the cells of the 
intestine become infected until live days after the 
entrance of the first parasite, when most of tlio intestino 
is destroyed and the host begins to die. When the tn> 
phozoite is mature its nucleus divides many times ; 
subsequently the protoplasm also divides, so that each 
division contains a portion of nucleus. The dividing 
trophozoite is called a sdhizont, and .becomes resolved 
into a largo numbe 1 - of elongated bodies Called jjier< 
zoites. The merozoites part company, fall into the gi 
of the host, a*»'\ by means of their pointed ends, pgne 
Irate the other healthy cells which line the g&t afte 
ponotrating a cell, they grow rapidly, and becopio matur 
trophozoites, which again become sehizflnts, *Tfio eve^it 
therefore succeed one ^another in a cyclo which i 
repeated agqiu and again until few healthy cells* remni 
in the centipede's intestine ; other events then 'occur. 
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Sexual Reproduction ( Sporognny ). — In ibis process 
resistant spores are formed which pass out of the centi- 
pede and into the earth, where they may be eaten by 
other centipedes. Spores are for med , as in Monnny uii^ 
by the un ion of gametes, which are of two kind s, 
large macrogametes and small microgametes. The 
gametes are produced # iu the following way.. When the 
centipede is becoming exhausted by the repeated asexual 
cycles* the trophozoites become altered in appearance : 
some of them become mucrogtyinetes, others produce a 
number of micro^ametes. A macro gamete is a large 
Ijpan-shaped cell; it is mo rel y an altered trophozoite. A 
micrqgameto is a minute filamentous body which moves 
actively, being impelled by two lashing threads or Hagella, 
which are attached at either end of it. Tjje micro- 
gametes are formed much in tho same way as moro- 
zoites, by repeated divisions of a trophozoite^ which is 
in this case called a j gameto cyto . An active rnicrogamcte 
moves towards the nearest macrogamete, which is usually 
lying passively in, tho gut of* the host, and becomes 
fused with it? Thus the body called a zygote is formed, 
from which the sporozoites are derived. The zygote 
becomes covored with a tough, chitinous membrane, in 
which condition it can survive outside the body of the 
centipede. t The zygote is a single cell with a single 
nucleus foriSied by* the uuiou of two nuclei, which may 
be called male and fomale : the .nucleus of the macro- 
gamete is*called the female nucleus, the other* which was 
contributed ’ by the microgameto is the male nucleus. 
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The nucleus of the zygote divides into four pieces, each 
of which becomes surrc nded by a cyst wall, and further 
divides into two sporozoites. The zygote therefore 
resembles that of Mouocystis in that it is covered with 
a tough, resistant wall, and breaks up into eight sporo- 
zoites, but in Coccidium the sporozoites are formed in 
couples. When a centipede swallows a zygote along 
with its food, the sporozoites issue from the cyst, enter 
the cellsp of the intestine and become mature froplio- 
zoites, which undergo schizogony. The foregoing de- 
scription is of the main tacts of the reproduction, but 
many other important details are known, which have nut 
been mentioned. 

A union of two unlike gametes, the one small and 
motile, the other large and passive, occurs in the repro- 
duction of all the higher animals ; this sexual method 
of reproduction has long been knowi^in them, but that 
a similar process occurs among the Protozoa is a more 
recent discovery. 

IIakmos i ’OiuniA. — Tn this group the trophozoite is a 
parasite within the red blood cells of warm-blooded 
animals. The most important of them are Plasmodium 
and Laverania. which cause malarial fever in man. The 
life-history of these parasites is essentially like .that of 
Coccidium. In it there are two separate eycles. The 
asexual cycle (schizogony) occurs vriChin ^h8 blood of 
man. The mulariul parasites use the red corpuscles of 
man in Qxactly the same way as Coccidium uses tin 
intestinal cells of the centipede* in other ’\Vords, as a 
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sporozoite they enter a red blood cell and feed upon it 
as a trophozoite ; when full grown they divide into a 
number of merozoites, which disperse and infect other 
healthy blood cells, just as the merozoites of Coccidium 
infect other healthy intestinal colls. This cyclq of schizo- 
gony is repeated several times; at each dispersal of 
merozoites the infected man gets an attack of ague. 
The asexual eyede of Plasmodium malariao occupies 
sevonffy-two hours, and causes quartan ague*; that of 
P. vivax occupies forty-eight lymrs, and therefore causoH 
tertian ague. The trophozoites of these parasites are 
amoeboid; in this respect they differ from Coccidium. 
Tho gictliod and meaning of the sexual cycle is essentially 
the same as in Coccidium. By schizogony, Coccidium 
cannot pass from centipede to centipede, neither can tho 
malarial parasite pass from man to man. Only by the 4 
sexual cycle (spo\ipgony) can a fresh host be infected. 
In both cases the sexual process results in the formation 
of sporozoites ; in Coccidium these lie in the earth for 
a time, and are # therefore ceft dined within resistent 
cyst. In tire malarial parasite the whole sexual cycle 
is passed in the body of a mosquito. Some of the 
tropjiogoitcs in a man’s blood become gametocytes. 

When. the mosquito sucks the blood of an infectod man, 

t * 

tho gametgeytes pass with the blood into the stomach 
or $uid-gut\f the “mosquito, where unequal gametes are 
formed and unite to produce zygotes, which are soon 
after found projecting from tho outer surface of the 
organ. Within each zygote a large number of sporozoites 
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id, which leave the zygote cyst and lind 
into the salivary glands of the mosquito and 
jo infect a healJJiy man. The details of this 
j usually treated as part of Pathology. 


C1LIATA 

Tlie Ciliata are Protozoa which possess cilia. Cilia 
are delicate threads of protoplasm which arc attached to 
the surface of a living body, as our own hair is attached. 
Cilia are outgrowths of the protoplasm of living cells, 
and are in motion throughout the life of the cells which 
bear them. The movement of a cilium is like that of 
a man who bows rapidly, profoundly and repeatedly, 
always in the same direction, and becomes more slowly 
erect between each bow. A cilium is not independent 
iu its movements. Cilia are placed i.i rows, those in a 
row movo one after another, so ihal the movement in 
a ciliated surface looks like the waves which pass over 
a field of (Torn when the wind blows upon it. Cilia only 
occur on surfaces w.iicli are in contact with water, or 
covered by a film of moisture. The result of a vast 
number of cilL moving in the manner described must 
be eithor a flowing movement in the water," which is 
compelled to pass over tho ciliated surface, or a move- 
ment of tho ciliated body through tho water, like a boat 
which is rowed by oars* The production of currents in 
water by means of cilia is frequent in the animal kingdom. 
Nearly all animals, except Arthr&pods, possess cilia on 
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some *part of the body ; in man the tubes of tho lungs 
and some other parts of the body are lined by cilia, 
which cause moisture to How over their surface. Minute 
animals which live entirely in water often use cilia for 
progression. The ciliated Protozoa movo in this manner. 
The Ciliata arc found in infusions, in fresh water, and 
as parasites within the cavities of Metazoa. •Like tho 
Sporogoa, they are covered with a thin cuticular layer 
which prevents amoeboid movement; in nearly all of 
them this is pierced by an aperture— the mouth. The 
nuclear apparatus is two-foltf; there is a large nucleus 
Sailed the macronucleus and a small micronucleus. 

■JpHramokciitm.— ' This Protozoon, which is often found 
in infusions, is distinctly visible to the naked eye. It 
is very active in its movements, and is therefore rather 
difficult to examine; it must, however, he carefully 
observed in the living state. Place a drop of •infusion 
containing Paramoecia upon a slide and cover if, support- 
ing the covei» slip by means of another, ^aramoociuni 
is ovoid in shape, \yith somewhat pointed ends, one end 
being* rounder than the other ; the body* is covered 
everywhere with cilia, which are arranged in longitudinal 
row5, and givo to the animal a striped appearance. On 

• i 

one side of the middle of tho body is the mouth ; this is 

an oval aptytura jn the cuticle which elsewhere covers 

the Vhole body. _ The mouth is the opening of a funnel- 

shaped depression or vestibule, Much is surrounded by 

the soft ivmor protoplasm. In the wall of ifio vestibule 

« • 

is a row of cilia, which compel .grains of food material to 
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enter the. mouth. Tlir protoplasm of the body consists 
of ' an outer clear ectoplasm and an inner granuhy 
endoplasm. The ectoplasm contains a large number of 
fine elongated sacs, which point towards the surface; 
minute rigid threads are shot out from these sacs 
through the cuticle. These .are weapons of offence, 
and are lftiown as Tricbbcysts^ Within the endoplasm 
is a large oval macronucleus and a smaller microimcleus. 
There are two contractile^ vacuoles, which usually open 
upon the side opposite t to the oral surface. Food 
vacuoles are formed at the apex of the vestibule, and 

o 

circulate through the endoplasm. When a contractile 
vacuole collapses, a stellate appearance', can be seen 
in tbe protoplasm around it, as though fluid were 
, streaming along lines radiating from the diminishing 
vacuole. 

Hrprtol action . — One Paramoeciiim becomes two by 
simple transverse fission, without loss of material in 
death. Tips is preceded, by division of both the macro- 
nucleus and micronmdeus. Since Paramoecja are visible 
to tho ualiftd eye, the process of reproduction cai) he 
observed and controlled without much difliculty, and 
many interesting experiments have been performed 
upon this Protozoon. A Paramoeciurti was placed in 
a small capsule until division was observed/ tho halves 
were then transferred by means of a pipette to two 
separate capsules, and each supplied with food (J)acteria). 
The halves grew and divided in their turn.? In this 
wav a Paramoecium wasi seen to divide five times in 
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twenty-four hours, giving rise in that time to thirty- 
two progeny. 

Canjiii/ution . — Under certain conditions Taramoecia 
conjugate, that is to say, two approach ono another 
and become united for a short time; in this union 
the soft protoplasm of both becomes continuous through 
the conjoined moutUh, and ai* interchange of nuclear 
material takes place between the two. Preliminary to 
this change, certain events take place in the* nuclei of 
both individuals; the macroifhclei swell up and become 
dissolved in the endoplasm (3 the body; the micronuclei 
divide into four (eight in some species) ; of these four, 
threS also disappear ; the remaining fourth part divides 
into two. Tn each of the pair one half of this nuclear 
portion remains where' it was formed, the other passes 
through the conjoined mouths into the 1 body of the 
partner. After fliis exchange of nuclear portions the 
animals separate. In each individual the two portions 
of nuclei, the one its own the other borrowed, fuse 
together; from the resultant a new maeronucleus and 
a notv micronucleus are formed. 

Now, as to the necessity of this process, it has been 

fouluV that, after fission has occurred about three hundred 

• • 

times’, the progeny deteriorate, and if they are prevented 
from cogj'i^gatiijg' by artificial separation they will cease 
to*divido and ultimately die, but if in this deterior- 
ated condition they be allowcd^to conjugate with fresh 

• ■ 

stock tliQir vigour is restored, •and thoy bogm again to 
reproduce by fission! The .cil'ect of conjugation has 
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therefore been spoken of as rejuvenescence. It has 
been found that the necessity for conjugation can be 
postponed artificially by supplying the Faramoecia with 
particular forms of nourishment. It seems, however, 
to he doubtful whether the necessity can he altogether 
abolished hy these means. 

v/nyotothbiujs. — Paramoecium d&nnot always lie ob- 
tained. Infusions may he prepared time after m time, 
with the 'result that other kinds of ciliated Protozoa 
appear which are smallo# and lesB suitable for obser- 
vation. A large Protozoou called Nyctotherus may 
nearly alwayH he obtained from the intestine of thd 
common cockroach. Nyctotherus is an oval and* flat- 
tened disc covered everywhere with cilia. There is a 
deep oral groove on one side, which is continued as a 
■transverse groove across one of the faces of the disc. 
The maigin of this groove iB fringfed with a row of 
cilia, at the base of which is a narrow membrane. The 
transverse groove ends in a vestibule which dips into 
the endoplasm. The macronucleus i& lurgje and oval, 
the small round mien /nucleus lies by its side. Thdre is 
a special and permanent excretory pore which opens 
into a short passage terminating in the contractile 
vacuole. The excretory passage always points towards 
the side of the body upon which the, oral groove lies. 
Conjugation may often be seen in this Protozoon. 

J VorticelijA. — Vorticellae can always be obtained, find 
are easily examined. They are commonly found attached 
to weeds in fresh water ; they also appear in infusions. 



THE PROTOZOA 


25 


Although they are convenient to examine, the details of 
their structure are not very easy to see. By studying 
them carefully, the student will come to know the 
advantage of looking at microscopic objects from all 
sides, with varying focus and light supply. j ^Tho body 
of Vorticella is shaped like a bell; ip the place t of the 
handle of the bell is a long contractile stalk, by which 
the Protozoon is fastened to some object, usually a float- 
ing weed, sometimes a moving animal, such as alnosquito 
larva. The whole body is covdted with cuticle. Within 
the margin of the bell is a groove which appears to be 
covered by a thinner and more flcxiblo cuticle. This 
groovS is called the peristome; it surrounds a smooth 
circular disc which is placed als though it wero a cover 
or lid for the bell. When the animal is fully expanded, 
the margin of the bell is turned outwards and downwards. 
At one point uponljhe peristome is the opening pf a pit 
called the vestibule. In the fully expanded condition 
the mouth of* the vestibule can be seen at the highest 
part of the peristome. Situated upon the peristome, 
and completely encircling tlio disc, is a row of large 
cilia called adoral, and a row of small cilia called par- 
oral. 9 Tho adoral row is placed close outside the margin 
of the disc ; it is therefore arranged as a ring, but this 
ring is not complete, for it is broken at tlio vestibule, 
whefe one end of it lies outside and below the other. 
The outer eqd of the ring is no t* a true termination of 
the ciliary .row, but is the spot where thtf row dips 
abruptly downwards into the vestibule ; this can be seen 
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without much difficulty, but it is less easy to sfle that 
this vestibular row of cilia ascends in the opposite wall 
of the passage, and becomes continuous with the inner 
end of the adoral row. The paroral cilia aro about half 
the length of the adoral cilia, and aro placed outside 
them in a similar row. When the Yortieella is fully 
expanded* a very delicate flap of membrane is thrust 
out of the vestibule, which helps to direct the food 
particles* into the mouth. The tips of some of the 
adoral and vestibular cifia can bn seen brushing the 
inner side of this undulating membrane, as the structure 
is called. The substance ol the? body consists of a broiffi 
clear ectoplasm and granular endoplasm. Thif food 
vacuoles are large, and can be seen to circulate. It is 

a good plan to introduce particles of carmine into the 

• 

water. If this has been done, it will be seen that each 
vacuole, contains not one, but scvt!Val grains of the 
pigment. When several grains oi food material have 
collected at the bottom o 1 ’ the vestibule? they become 
enclosed within a vacuole which "becomes detached 
from it. A successlm of vacuoles, formed in tliift way, 
follow’ one another along a definite course through 

the endoplasm, and are finally rejected into the itpper 

• • 

end of the vostibule at a particular spot called the anus. 
Tho contractile vacuole lies between jthe /Utjp and the 
vestibule, and opens into the latter. The macronuflleus 

is a long bout rod, the hiicronucleus is small and round. 

• • 

To sec tlifl nuclei properly, take a small tuft of Vorti- 
cella attached to a wce/1, and dip it into acidulated 
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mothyr green for fivo minntes, wash it in one p«r cent, 
acetic solution for a minute or two, ami examine it under 
tho microscope in a drop of the latter solution. This 
simple method of staining js most useful, and may often 
he used to rcndei nuclei conspicuous. 

lit’prndnction tout Dixprrsal . — A Vorticella may form 
a third ring of long cilia, which surrounds the body close 
above jLhe stalk. The bell then becomes detached, and 
with the help of these aboral cilia swims away through 
the water. Vorticella may also* become encysted : hence 
its appearance in infusions. Reproduction takes place* 
fly longitudinal fission, as a result of which two indi- 
viduals may sometimes be seem attached to the same 
stalk side by side. One of them will become detached, 
and by means of aboral cilia will swim away and sctlle 
down in another plaee upon a new stalk. 


KLAGELTtATA 

ft 

w 

The Flagellata are active unicellular organisms which 
aro covered externally with a cuticle, and are 1 , provided 

witli one? or more flagella. A flagellum is a thread of 

• • 

protoplasm, and resembles a very long cilium ; it is used 
to propel ilig annual through the water. Many flagellate 
organisms contain tho green substance called c.hlorophyl 

which occurs commonly in tho vegetable kingdom ; those. 

• • 

that aro so. endowed are aide, with the help ftf sunlight, 
to prepare starch for their own nutrition out of the 
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carbon dioxide which is dissolved in the water Around 
them. The cuticle of some Flagellata is perforated by a 
mouth, through which the animal obtains food. Others 
have no mouth, and live either in the nutritive fluids 
of other animals, or they support themselves wholly as 
plants by means of clilorophyl. Some, such as Euglena, 
which may occasionally be found hi tho fresh waters of 
India, have a mouth and are also provided with jhloro- 
pliyl. Afnong the Elagellata, therefore, are organisms 
for which the terms anfinal or plant cannot be used 
with certainty. Those which have a cuticle composed of 
the vegetable material called cellulose, and have chloro* 
phyl but no mouth, arc 1 usually classed as plants"; the 
others which do not possess these things are looked 
upon as animals ; but a line cannot be drawn clearly 
between the two groups, because forms such as Euglepa 
have botji methods of nutrition. It is*a most interesting 
fact that the sharp line which can otherwise be drawn 
between plants and animals becomes broken down among 
simple organ isniH. 

Hrrpetomonas. — Many flagellate Protozoa are •para- 
sitic in the higher animals ; some of them are a cause of 
disease in man. Ilerpetomonas is very commdn in 1 the 
intestine of common house-flies ; it is not confined to a 
particular species, but may occur in any spiaJl muscid 
flies, such as are to be found upon the laboratory 

windows. It will rarefy be necessary to examine as 
• * 

mauy as fiVc flies before finding the parasite. Kill the 

§ i 

fiies with chloroform, place one of them upon a slide iu 
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a drop*of salt solution, snip the side of tho abdomen with 
scissors and pull off Hie hinder end of it, so that ilia 
vifecera are exposed in the salt solution. With needles 
separate tlie abdominal viscera from the rest of the body; 
which should be removed from tho slide. If eggs are 
present, they will be the most conspicuous tilings among 
the viscera; they are ^elongated, while bodies which are 
easily visible to the naked eye ; they also should be 
removed from the slide. The intestine, which* remains 
is a semi-transparent tube, iU should be cut across in 
two or three place s by prosdug upon it with a sharp 
knife, so that its contents may tlow out. Cover it with 
a slip«und examine under the high power of the micro- 
scope. The contents of the intestine will be seen flowing 
out from the cut ends, ami with them the parasite. 
Iferpetomonas is a slender transparent organism which 
varies from twenty to thirty micro-millimetres in length, 
a little more Ilian three times the diameter of a human 
red blood corpuscle; sometimes tlioy aro present in such 
numbers that the. intestine seems to be nearly choked 
with them ; Although transparent and small, they are 
“conspicuous because of their active movements. They 
often struggle to keep their position against the current 
as it flows ftom the intestine; a Protozoon may there- 
fore behave jn exactly the same way as one of tlm higher 
animals in response to a particular circumstance. If a 
fish .or other swimming animal, finds itself in flowing 
water, if also will swim against the current so as to keep 
its position. This fact becomes interesting when we 
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consider the great anatomical difference between, a fish 
and a Protozoon. 

In order to see the structure of Herpetomonas it must 
be stained in a particular way. A small drop of the salt 
solution containing many of the parasites should he dried 
upon a slide, and stained by Giemsa’s method. They 
should be examined with the highest power available. The 
body of Herpetomouas is slender, the breadth being only 
about oi^c-tentli of the length ; it is tapering towafds the 
extremities. One end is Jess pointed than the other, and 
givoH attachment to one or two long flagella. It seems 
to be a matter of doubt as to whether one or two fiageljji 
are normally present; some authors say that one, is the 
normal number, and that those which show two are 
undergoing reproductive fission. On the other hand, the 
appearance of two flagella is so frequent that it may be 
regardod as a normal feature, on the supposition that the 
appearance of a single flagellum is hilsr, and due to two 
llagolla clinging together in their whole length. The 
llagolla ai;e usually twisted m two or throe coils; when 
they are straight tln v are somewhat longer than the 
body. The body is stained blue ; in the middle of it is. 
a largo oval nucleus, which is nearly as broad as the body 
itself, and is stained red ; this is called the trophonucleus. 
A short distance from the Jlagellated extremity is a small 
deeply stained body called the kinotofiuclflUs"; between 
it and the extremity is an oval unstained area, which 

4 . * 

appears to be a vacuple. A lino thread can be seen 
uniting the kinetonucleus with t^ie bases of the flagella. 
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Individuals which arc undergoing longitudinal fission 
can often be seen ; if a number of them bo carefully 
examined, it may he noticed that in some of them the 
llagellum appears to be single, even when the division 
of the body is nearly completed; this is the strongest 
reason for supposing that the appearance of a single 
llagellum is deceptive. 

Trypanosoma is a flagellate ITotozoon which resembles 
llerpetomonas in many ways ; it differs from it iy possess- 
ing an undulating membrane # \vhich is attached along 
the whole length of thu body* and somewhat resembles 
yi function the fin of a fish. Trypanosomes are found 
in th$) blood of vertebrate, animals ol all kinds. They 
do not penetrate the corpuscles of the blood, but swim 
freely in the fluid. They are often harmless, but 
they may be tile cause ol fatal disease, both in mail 
and animals. Tlyjy are usually passed from one host 
to another by the agency of a third animal,* usually 
an insect, which sucks the blood of the vertebrate for 
its food. Another interesting method of transmission 
occimi in certain Flagellates, which are parasitic, in 
- insects ; some of the parasites migrate from the intestines 
of tjho host and iind their way into its eggs. When 
therefore* the young insect w'liicli develops out ol the 
egg enters upon iLs life, it is already infected with a 
parasitic PrBtozdbn. 

The usual method of reproduction in all parasitic 
Flagellates is by simple fission, as in ilerpetomonas. 
It is well laiown that other more complicated sexual 
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methods occur, but at present our knowledge of them 
is doubtful, and they cn 1 lot be sjioken of except at great 
length. It is however known that certain minute cells 
called “ Leishman-Donovan ” bodies may occur as para- 
sites in tho tissues of man ; they can always be found 
in the disease Kala Azar, and in Oriental soro. It 
theBu bodies Ihj cultivated in certain fluids, flagellate 
Piotozoa ariso from them which arc remurkablv like 
Ilerpetonannas in appearance. 


PLATK II. 
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POHIFKUA COEliBNTKIiATA 

Ft has ItfiOii mentioned that the bodies of all animals 
otlior than Protozoa arc composed of a large number of 
cells which nppoar to be distinct from one another. 
However, the body of a multicellular animal must not 
bo regarded as a colony of separate cells, each strictly 
comparable in itself to the body of a Protozoon, for the 
cells of a Molazoon are in function and appearance of 
different hinds, and are dependent oh one another 
for the performance of their several Millies. We have 
seen that the body of a Protozoan, although consisting 
of a single cell, can perform all the functions which arc 
common to animals, such as to move, feed, excrete and 
reproduce in a lUelazoou the several functions arc 
distributed among the different hinds of cells. The 
question as to how the several kinds of cells aio related 
to one another, and to the conditions of the outsido 
world, is dealt with by the physiologist. One of the 
most important moans by which the several parts of 
a complex body are made to work in concert lies in 
the invisible but demonstrable bodies called internal 
secretions. These are substances ‘which may he formed 
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in a i*u-ticular part of the Ixnly and product) effects in 
other parts, or upon the body as a whole. It is largely 
by their inlluonce that the sex oral parts of a complex 
body work in unison, aud an individuality is conferred 
upon the whole. There is one group of animals, namely, 
the Porifera, or sponges, in which the cells are so 
loosely connected tluft the body has been regarded by 
some as a colony ot Protozoa rather than as an indivi- 
dual Metazoon. The general opinion, however, is that 
a sponge constitutes an individual body comparable to 
that of any other Metazoon. "Sponges are usually plenti- 
ful in tanks in India, and as they illustrate in a simple 
manner such important animal functions as phagocytosis, 
symbiosis, a, ml secretion, they should bo examined by 
the student. Sponges of the kind found in fresh water 
are, for sponges, somewhat complex. The student must 
Know that there* are very many different types ol 
sponges, and a proper understanding ol the whole 
group can only be obtained by examining several types, 
especially the sim^o ones. 


SPONG1LLA 

Spongllla" is found in tanks adhering to submerged 
objects ; it js variable in form. It occurs as nodular 
masses, which may be as much as a foot in diameter; 

and such masses are sometimes attached to the sides of 

9 • 

the submerged steps of a tank, lxit more comfhonly they 
measure two or three* inches, and are found encircling 
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a sunken branch of a in , or the stern of a water-plant. 
Spongilla may form a Hat encrusting growth, perhaps 
upon a submerged stone. When found, if is not always 
in a fresh condition. The structure is best seen in living 
and vigorous specimens. The best examples for examina- 
tion are very young specimens about the size of a pea, 
which are sometimes found adhering to small (loafing 
plants. Some sponges, especially small ones which 
grow in sunny places, are green, others are of a grey 
colour. In general appearance Spongilla calls to mind 
the well-known sponge o'f commerce : the surface is 
covered irregularly with miuutc spiuey projections, the 
ends of needle-like bodies which are embedded within 
the sponge, and are called spicules. Two or three 
circular apertures called oscula can be seen upon the 
surface; these aro the openings of passages which lead 
deep inti) the substance of the spon^. In tho largest 
sponges the oscula may be so large as to admit the 
linger. Besides the oscula, the whole surface is covered 

i « 1 

with minute round apt rtures, which aro scarcely visible 
to the naked eye; these are the ostia. During the life 
of the sponge a current of water enters through all the’ 
oBtia and pours out of the oscula. 

The sponge as a whole is built up of two kinds of 
substauce, tho ono forms the skeleton or framework, and 
is composed of a largo number of objects resembling 
needles of glass. Those needles, or spicules, are Iwund 
together ill bundles or strands which are united in the 
characteristic manner commonly called “spongy.'* The 
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other.kind of substance is the living material protoplasm, 
which is arranged as units or colls among tho meshes 
<ff the skeleton, and covers the. whole outer surface of 
the sponge. 

Tiik SkIiLKton. -The stability and lirmness of a 
sponge is duo to its skeleton. For tho examination of 
this supporting framework it is # well to choose a specimen 
which is not very young. It is usually easy with a 
sharp knife to cut from an old sponge a slice of about 
ono-eightb of an inch in ttiicknofcs, which will not 
readily fall to pieces. Sucli*a slice should be removed 
Jiy two parallel cuts at right angles to the surface, so 
that -one edge of the slice will represent tho surface. 
The slice should be soaked for a lew minutes in strong 
nitric acid. The material of which the skeleton is com- 
posed is silica, a glass-like substance, which is not in the* 
least affected, tlumigli all else is dissolved by the acid. 
Tho slice should he washed in water and examined under 
the low power. A number of strands aro seen, the 
largest of which aaro directed nfainly towards tins surface, 
although not with groat regularity ; tlioy # are hound 
together by lesser strands which cross one another in 
any direction. Between the strands are open spaces 
of irreg'ulaV shape, some being roughly spherical. 
Before the. acid was applied, protoplasm occupied the 

• t 

sprees and clung to the strands of the skeleton. It is 
easy to see that the strands £.re bundles of separate 
bodies which resemble needles gf glass ; these are called 

animilna • flinv nvn aifmnfli nrirl ltnininrl sif. linf.li nrwl« 
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It is characteristic of 'he cIjiha of sponges to avhieli 
Kpongilla bolongH that the H|)iciiles should lie only in 011c 
axis; they are therefore called monaxons. In some other 
classes of sponges each spicule is developed along more 
than one axis, which are placed in relation to one 
another with mathematical accuracy. The spicules of 
the hexactinollid sponges have six stmight branches, which 
grow out from a central point in such a way that each 
branch is Exactly at right angles to its neighbours. The 
hexactinollid sponges fornf a large 1 , group, each member 
of which produces its spicidos with the same precision ; 
they mostly live in the deep sea. The spicules of 
Kpongilla are united by spongin, a substance tfhich 
somewhat resembles silk. It occurs in Kpongilla as a 
kind of brownish glue, which cements the spicules 
* together. It also occurs as threads, which are woven 
among the spicules and bind the wlfblo mass to some 
iixed object. 1 besides the large monaxons two other 
smaller kinds of spicules occur, which are called llesh 
spicidos. 0 n«» kind is curved and spiny, and less than 
a quarter tfoe length of the monaxons, tho nthcr«kind 
is smaller still and irregularly star shaped. The spicules 
are secreted by living cells of the sponge, that is to say, 
certain cells of the sponge can collect some of the minute 
quantity of silica which is dissolved in the water, and 
render it insoluble, so that it appears within the cell as 
a rod of solid glassy material. We cannot explain why 
any particular cell should give rise to spicules of a 
cortain shape. 
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Tjik I jiving Material. -The protoplasm of a sponge 
consists of a vast number of soparato cells which are of 
Several different kinds. The various kinds of cells can 
be distinguished by the student, but their position re- 
lative to one another and to the skeleton can only be 
elucidated by means which are beyond the powers of a 
beginner. Protoplasjn occurs externally as a thin sheet 
which covers the outer surface of the sponge, and in- 
ternsilly as a vast number of colls which die among 
the spicules, some in a (ltd mile position, others in- 
definitely. 

> Tin ‘ Mr/w/.— The outer covering is called the derma: 
it is- rarely complete in an old sponge, hi order to see 
it in the living state, place a sponge, preferably a very 
small one, in a watch-glass of water, and examine the. 
side of it under the low power of the microscope, adjust* 
ing the focus until a clear view of the surface is obtained. 
The mass of the sponge is opaque, but there appears to 
be a transparent outer layer which covers I he whole In 
a depth of two yr three millimetres. This* appearance 
is produced in the following way. The derma of the 
sponge is a thin transparent membrane of living proto- 
plasm, # which is lifted from the general mass of the 
sponge by “the ends of those spicules which are at the 
surface. The arrangement of this dermal layer calls to 
mind a largo tent which is raised above the ground by 
a number of tent poles of unequal length ; in the sponge 
the derina represents the canyas of the Lent, while the 
spicules represent the tent poles; *he space which is 
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between the derma and the mass of the sponge is«ealled 
the subdermal cavity. 

We will now consider the structure of the derma. A 
collection of cells is called a tissue. Tissues are of many 
kinds, the derma of a sponge is of the kind of tissue 
called a pavoment epithelium. Epithelium is the name 
given to a number of c§lls lying ^ide by side so as to 
form a flat sheet, which may cover a surface or line any 
hollow space within an animal. In a pavement opitlielium 
the cells are flat, and their edges are in contact like the 
stones in a pavement. UMs hardly possible to see the 
individual cells of the derma of Spongilla in the living 
condition. The derma is perforated by small circular 
apertures, or ostia, which are clearly visible under the low 
power of the microscope. When they have been observed, 
* a little powdered carmine should be added to the water 
in which the sponge lies. The grains of carmine appear 
as dark specks in the water, which drift slowly towards 
the surface of the sponge and enter the ostia very rapidly. 
This experhnent demonstrates the method by which a 
sponge obtains its nourishment. The current of viator 
which enters the ostia is set up by certain colls within 
the sponge which are provided with flagella. The 
smaller kinds of spicules will usually bo se\m‘ lying in 
the derma, especially the curved spiny variety. The 
student can examine the individual cells of the deunia 
when they are separated from one another by a method 
to ho described in the ncyct paragraph, but thcy*can also 
be seen in their natural position Without much difficulty 
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after the following treatment. Place a small living 
sponge in strong spirit, and leave it there for not loss 
tlfan five minutes. With a sharp knife shave off a 
small portion of the surface, stain and mount the frag- 
ment in Canada balsam, and examine it with the high 
power. 

The Sepnmtal -Havipg examined the derma 

as a whole, wo will now observe its component cells after 
they have been separated from one another, as woll as 
the other kinds of cells which«occur in the deeper parts 
of the sponge body. For this*observation a young grow- 
ing sponge, a green one if possible, should be placed in 
a capsule of water, to which is added a small quantity of 
pure insoluble carmine; after about an hour it will be 
found that there is very little carmine in the water, for 
the sponge has absorbed it and become of a deep carmine 
colour; if this dons not occur the sponge is resting or 
dead, and is unsuitable for examination. A smalf portion 
of the coloured spongo should he cut off and placed in 
acotic methyl greey solution for* three minutes? It should 
be taken out ’and placed in one per cent, acetic acid for a 
’minute; it is then ready for examination. Place it upon 
a slide, bgoak it up with needles in a clear drop of the 
acetic solution, covor and examine under the highest 

power of the microscope. 

§ *) 

We may now consider the various kinds of cells under 
three categories, tlio dermal coll#, the gastral cells, and 
the amodboid cells. The derim.il cells and the gastral 
cells form epithelia, which have a fixod position in the 



42 AN INTRODUCTION TO .BIOLOGY" 

sponge body; all cells other than those may hQ called 
amoeboid, because they have no fixed position, but it 
must be clearly understood that these amoeboid cells Are 
of several different kinds, which perform different duties. 
They are here classed together merely because they have 
no fixed position in the sponge body. 

Tin* Drrmal (\1U .~ The largest cells which can be 
seen on the slide are the dermal cells. They are of a 
shape which is between square and oval with an even 
border, and are stained «a very faint green colour. In 
the centre of each there *is a nucleus, which is stained 
much more deeply than the protoplasm; within the 
nucleus is a round body called a nucleolus. The dermal 
cells are numerous or scanty according to circumstances, 
for they may become dotachod from their natural position 
in the staining process. They are larger than any of 
the other cells, and show the minute •structure of proto- 
plasm very clearly when stained m the manner described. 

They show’ that protoplasm is not clear like glass, but 

■ 

has the Appearance of* a net with irregular meshes. 
There appear to be tw r o substances in protoplasm, com- 
parable to the thread and mesh of a net ; the former is 
denser than the latter, and stains more d&ply; the 
latter, which is believed to be the more fluid, does not 

become coloured by the stain. The opinion of observers 

• • 

differs as to the interpretation of this reticular appear- 
ance Some suppose .that protoplasm is in structure 
like 1 a foam, such as Ivin be made by blowing air into 
soapy water; except that the interstices of the foam are 
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occupied hy a lluitl substance, in Liu* of proto- 

plasm. Tho exponents of this view hold that tho appear- 
aifce of threads in tho apparent network is due to the 
walls of vacuoles, which are seen in optical section. 
Others suppose that the denser material is a true net- 
work of threads which lie in all directions and unite 
irregularly with one another; according to this view tho 
denser protoplasm somewhat resembles in its arrange- 
ment flic twine in a tangled heap of fishing net Tlieso 
remarks apply to the structure^ protoplasm in gonoru.1 : 
they have no special reference to the epithelium cells 
c*f Kpongilla, except that these bodies when stained with 
methyl green show the reticular appearance in a most 
satisfactory mannor. 

The nuclei of the epitholial cells should he looked 
at carefully. A nucleus is a spherical body hounded 
by a thin but distinct outer wall, from which threads 
can be seen passing irregularly towards its centra; these 
threads unite with one another to form a network, which 
is much plainer thfin that of the protoplasm, •because it 
is stalled mdre deeply. Among the threads is a small 
'round body which also is stained deeply, and is called 
the nucleolus. Uecause the chief material of the nuclear 
net becon'les* stained very deeply, it is called chromatin. 
Every coll of an animal or of a plant contains a nucleus 
which is composed principally of chromatin. 

V* (hist ml Cells . These jells an? of a peculiar 
type, and are sometimes called, ’collar colls., Tn shape 
they are irregularly ovoid or cylindrical; they stain 
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more deeply than the epithelial cells, and appear granular. 
At one end a funnel-like collar is attached, out of which 
protrudes a long flagellum. The nucleus is larger than 
that of the epithelial cells. 'Hie collar aud llagellum 
aro delicate structures of transparent protoplasm, and 
are not vory easy to see. Some observers have found 
that, in a sponge which has be^n fed recently (since 
an hour) with carmine, these cells are full of ingested 
grains ; 4his is not always the case. 

Amoeboid < V//x. — Thaso are of many kinds, which 
perform different fuuctionk. The most noticeable, under 
tho circumstances of our experiment, are certain cells 
which contain many carmine grains within their sub- 
stance. As the carmine grains appear black, or nearly 
so, these cells can be seen at a glance. They are variable 
in size, and irregular in shape, being provided with out- 
growths or pseiulopodia; the nuclei mb may or may not 
■ 

be obscured by the carmine. They have taken the 
carmine grains as food into their substance by means 
of their pteeudopodia, juft as an Amoeba takes its food, 
(■ells which behave in this way are called Phagocytes; 
they are found even in tho highest animals, and are of 
the utmost importance in the economy of the J>ody. In 
sponges their function is mainly nutritive, # to ‘take food, 

to digest it, and probably to distribute it. In man and 

• • 

the higher animals, the chief function of the phagocytes 
is to devour intruding organisms, such as bacteria, which 
may cause-disease. 

Secret iny Cell *. — It is the woA of certain cells called 
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aclerobkists to socrotu the apioulos. A spietilo JirsL uppoitrs 
as a minute filament of silica within one of those cells ; 
it increases in size until it is larger than the cell, which 
becomes extended so that its protoplasm still covers the 
growing spicule, and continues to add silica to it. In 
the higher' animals all structures such as teeth, hair, 
shells, etc., are formed* by the sqpretive activity of living 
protoplasm. 

(V//* < ontaiiiimj Ah/m \ — Many of the cellif contain 

round bodies of a yellow ish-g(Den tint, which is quite 

» 

different from the bluish gr&m caused by the stain. 
r JJhese bodies are unicellular plants or Algae, which are 
living with the sponge in a state of symbiosis. Thu 
colouring matter which they contain is clilorophyl, 
the green pigment of plants. The term symbiosis is 
used to describe a kind of partnership which sometimes 

exists between t\\<f organisms of different kinds, and is 

% 

such that both organisms receive some benelit from their 
mutual relation. Symbiosis may occur between two 
plants, between tw® animals, or between a plitnt and an 
animai, as in this case. Clilorophyl has the power of 
‘making starch from carbon dioxide and water. Without 
sunlight clilorophyl cannot be developed, nor if it be 
developed'can it exercise its power in the dark. The 
colour of a^green sponge is due to the Algae. It has boon 
mentioned that sponges are by no means always green, 
but that the green ones aro always found in sunny 
places. If, in our experiment, *\e had used a solution 
of iodine instead of lliethyl green, nfany of the cells, 
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especially those which contain Algae, would be seen to 
contain grains of a purplish-black colour. These are 
grains of amylum, a substance allied to starch whifeli 
has been formed by the chlorophyl of the Algae. Tlio 
sponge uses this material for its nutrition ; the Algae no 
doubt receive some compensatory advantage from the 
sponge, for it has been 4 shown tlwit they grow indepen- 
dently in the surrounding water, and that they invade 
the sponge from without. 

Other Celia. — There Mre other kinds of cells to be 
seen, but, unlike those mentioned, they do not possess 
particular features by which the beginner can easily 
recognize them. There arc some important cells called 
Archaeocytes which are concerned in the growth of the 
sponge and in the reproduction. 

Tiik Aiuianuhmknt of tub lNTKitNAij CkljjH. — The 
arrangement of the cells other than l&oso of the derma 
cannot easily be seen in Spongilla. An intricate mix- 
ture of silica and protoplasm is dillicult to examine by 
ordinary lftethods. Our 'knowledge of the subject how- 
ever, has bpon made clear by special methods, a* well 
as by consideration of the structure of other kinds of 
sponges which are more easily investigated. The derma 
forms the roof of the subdermal cavity, the ostia open 
into this cavity. The lloor of the subdermal cavity is 
scattered with holes, which are the mouths of channels 
leading deep into the snbstanco of the sponge among the 
strands of the skeleton. These channels contain water 
which is constantly in motion. The channels are lined 
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by pavement epithelial cells similar to those of the 
derma. There are two systems of channels, called 
iulialent and exhalent. The exhalent channels become 
united together, just as the twigs and branches of a tree 
become united in the stem. The main channels which 
represent the stem of the tree open at the oscula. The 
openings of the inhalent channels are in the Jloor of the 
subdermal cavity. The two systems are placed in com- 
munication with one another by means of voty small 
spherical spaces called the gastral chambers. The 
gastral chambers are lined by flagellated or collar cells, 
wdiich are arranged side by side as an epithelium. Mach 
gastral chamber communicates by one large opening 
with a chiiii. id of the exhalent system, and by many 
smaller openings with channels of Lhe inhalent systems, 
the two systems are therefore in communication with 
one another thrcfligh the gastral chambers.^ The 
llagollated cells which line the chambers compel water 
to pass from the inhalent channels into the exhalent 
channels, and set lip a constant circulation throughout 
both tko systems. ^ 

liEiutoniJCTioN. — Sexual reproduction occurs in all 
sponges, kilt the process is not easy to observe in 
Spongilla.* Ova and spermatozoa are produced from 
certain cells within the body of the sponge, and passing 
out ki the exhalent current, undergo union and develop- 
ment. in the water. Mresliwator sponges have a special 
asexual method of reproduction by means of bodies 
called gemrnules. These bodies, whi?h, to the naked 
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eye, closely uesemble fig- seeds, are found embedded in 
the substance of most freshwater sponges. Somo of 
them should be cleaned with nitric acid, dehydrated ahd 
mounted in Canada balsam. A gommule consists of a 
spherical, thick-walled shell surrounding a central cavity 
which communicates with the exterior by a cylindrical 
tube. The cavity contains a minute protoplasmic body 
or bud, which, under favourable conditions, may pass 
out through the tube and develop into a new sponge. 
The structure of the slisll of the gemmule is different 
among the various kindS iff sponges. In S. carteri, 
which is common in India, the shell consists of an inn<*r 
layer of horny material surrounded by a thick, outer 
crust of the same material, which is formed like a bees’ 
honeycomb. A few monuxon spicules cling to the outer 
wall. In other species, various kinds of spicules take 
part in^tlie composition of the wall® of the gemmule. 
Sponges are disseminated by means of the gemmules, 
which are very resistant to drought. 


PLATE III. 

SPONGIIiliA. 


A. Spongilla. 1. os. him. 

J3. Superficial part of a tumi.ll living spongo. 1. moiuufcn spiculo ; 

2. llosh spicule ; 3. ostia ; 4. opaque inner substance. 

0. Spiculo developing within a scleroblast. 

I). ftastral cell with collar and flagellum. 

E. Dermal coll, showing roticulnr structure of protoplastic 

F. Amoeboid colls. 1. contains sphoricnl algao and ainylum graiyilcs ; 

a. and 3. contain ingested particles of carmine. 

(I. Skoloton, cleaned with nitric acid. 

JL. Diagram of a spongo. 4 . inhalcnt passage; 2. nxhalqnt passage; 

3. gastric chain I »cis. * 

J. Two gemmules — out* from tlio sido, tho other from uhov*. 

A X J. B, (!. J X*50. ('— F X 450 (approx.). 




Fvj 11. ts copud furni the “ Cambiulyt Naim al Jhtlnuy ’ by kind jtmmHsum of 
Manmllan and f’n , hid 


K 



AN INTRODUCTION TO DTOLOdY 


COKjjENTEIIATA , 

Tn multicellular animals other than the sponges the 
cells are combined in a more definite manner, either in 
layers as epithelia or in other ways to form tho organs 
of the body. In the Coolontcrata, the cells are arranged 
in two layers named .ectoderm* and endoderm. The 
ectoderm is the skin which covers the whole outer 
surface (if the animal, the endoderm lines a large cavity 
which is within the bofiy and is called the enteron or 
gut. Tho octodorm and r erdodorm become continuous 
with one another at or near to the only aperture of 
the body; food is taken into the gut through this 
aperture, which is the mouth. There aro no organs 
botweon the ectoderm and the endoderm. In many 
Coelenterates, the two component layers are almost in 
contact^with one another, like the' brickwork and plaster 
of a wall ; they aro, howovor, separated by a thin layer 
of structureless gelatinous material called the mesogloea. 
Sea aneihonos, coral polyps, and jelly fish arc Coelen- 
torates. They art' mostly inhabitants of the sea. In 
the jelly fish the ectoderm and endoderm are widely 
s^twated by an abundant mesogkea. 

IlYjntA.-- As an example of a Coelenterate we will 
Examine Hydra, a small animal which is common in 
tanks during tho cool months of the year in Bengal. 
To obtain Hydra, gather a quantity of water-plants, if 
]>ossible of the kind called duckweed, or Lemna, and 
place them in a large glass jar ftf water. If tho jar be 



(H)ELENTETtATA R 1 

lett undisturbed for half an hom* or more, the Hydras 
will bocome fully expanded, in which aiafce they are 
easily seen ; many of them will haw left the weed and 
may he found attached to the sides of the jar. They can 
easily be detached and removed by means of a pipette. 
They will leave the weeds more readily if by artificial 
means the weeds are shaded, wliilo the lower part of the 
vossel is in the sunlight. Hydras movo towards light. 
The expanded animal is about half an inch ifl length, 
but is not very easily scon Ity the unaccustomed eye. 

| The body appears as a thin brownish thread, one end of 
! which is fixed to some object, while tho other or free end 
gives out four or live very delicate filaments which am 
more than twice as long as tho body. Tlioso filaments 
are the tentacles ; when a minute animal touches one of 
them it appears to become suddenly attached to it, and 
the tentacle beeoiftos shortened so that the , captive 
animal passes towards the mouth and is ovontually 
swallowed. A Hydra may bo seen to glido slowly down 
the sides of a glams vessol, sliding upon its base of 
attachment ; somotimcs it moves in a looping manner, 
first one end pf the body and then the other bccomos 
attached to adjacent points of the surface along which 
tho animal is moving — in this way the animal takes steps. 
Sometime^ a # Hydra may bo seen lying free in tho water 
in the fully expanded condition. It may hang nearly 
motionless in the water or sink v&ry slowly. 

Microscopical Examination.— «By means of a pipette, 
placo a living Hydra upon a slide in # a drop of water, 
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Place a cover slip over it. The cover slip must be sup- 
ported by a second one, which is placed under the edge 
of the first, otherwise the animal will be crushed. The 
outward form and movements should be studied under 
the low power. The body of a Hydra is a h ollow 
cylinder which is closed at one .end and open at the 
other. The oponing is -the mouth. The cavity within 
the cylinder is the gut, or. enteron. Food enters the 
gut through the mouth. The mouth is surrounded by 
four or five tentacles, wlfich are capable of great exten- 
sion. The tentacles, in the extended condition, are 
slender threads which are .covered with nodular bwoK- 
ings. The mouth is at the summit of a short cone, 
which is separated from the rest of the body by the 
circlo of tentacles. ThiB cone is called the hyj&stom e. 
Even with the low power it can be seen that the body 
wall is, composed of two layers. The outer layer is 
transparent and colourless, the inner layer is more 
opaque and of a brown colour. Examine . both the l>ody 
and a tentacle of the animal under the high power. In 
both casea look carefully at the surface, and At the 
margin of the object. 

Surface Vint of the limit). — Examine first* the outer 
snrfaco of the body, and then by focussing downwards 
examino tlio deeper layer: it is not very easy to see 
the individual colls of the octoderm'in the living State. 
The student will see ‘that the surface is divided ■ by a 
number of lines, which are disposed somewhat like a 
net with stretchbd meshes, but these lines can only be 
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seen when the animal is contracted, they merely repre- 
sent the lines of contact of the folds into which the 
ectoderm is thrown during contraction. Thu true out- 
lines of the ectoderm cells are visible in the living 
condition, but I do not think the student will be able 
to recognize them clearly until after he has examined 
the cells in the stained condition, aud knows the appear- 
ance of their nuclei. Small oval bodios known as 
• — — *- — - 

liem atocys ts can bo seen in the hotly wall, hut* they are 
more numerous ( md more Aelinitely placed in the 
tentacles* 

• On focussing downwards beneath the surface, the 
endoderm cells come into viow. They are said to vary 
in appearance; but in Calcutta, so far as 1 have seen, 
their appearance is constant and characteristic; each < 
cell is of a polygonal shape in this view. They are 
remarkably like ^getable colls in many way # s; they 
contain so large a vacuole that their protoplasm is 
reduced to a thin surrounding layer, in which are em- 
bedded a number of brown splioricul corpuscles and a 
large "nucleus. The endoderm cells are bettor seen at 
this stage than any other ; the outline of the protoplasm, 
the vacuole, and nucleus, as well as the brown corpuscles 
which they contain, can he seen without difficulty. Hydra 
is sometiiye^ green, in which case the colour is duo. to 
the corpuscles of * the endoderm cells, which contain 

\ chlorophyTf ^whether they are ^reen or brown these 

.... 

corpuscles are believed to be Algae, which are living in 
symbiosis with the Hydra. Each Endoderm cell is^ 
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provided wit h o ne or more flagella, which project into 
the enteron, but are by no means easy to see. It is 
said that the flagella are not permanent features of the 
cell structure, but may be withdrawn. 

The Body Wall in Optical Section . — Examine the 
margin of the body, focussing until tho line of separa- 
tion between tho ectoderm and r endoderm is clearly 
visible. The two lay or s are not in contact with one* 
another, but are separated by a very thin layer of gela- 
tinous material called rriesogloca. The appearance of 
the ectoderm in optical section varies according to the 
degree of contraction in which the animal is found sfo 
the moment. When the body is extended the ectoderm 
is smooth and thin ; the doptli or thickness of it is about 
equal to the length of a large nematocyst, but in a 
state of contraction the ectoderm is two or throe times 
as thick as this, and has a lobulatoif appearance. The 
outlines between tho ectoderm cells cannot bo seen 
satisfactorily in an optical section of the wall. What- 
ever the degree of contraction of 'the ectoderm, the 
mosogloea ah' ays presents the appearance of a straight 
line. Unlike the ectoderm, it is never thrown into folds ; 
the reason of thin will be shown later on. In an optical 
section of the body wall, the cells of the endoderm appear 
to bo nearly square, otherwise they lia\e r the same 
appearance as in the surface view. 

Kea mi nation of a Tentacle. —Examine a tentacle in 

i 

the same way as the °body wall. In the . first place 
notice that the tbntacle is a hollow cylinder, and that 
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at tlie* place where it is attached to the body its cavity 
is in communication with the gut, or enterou. The 
structure of a tentacle is much liko that of tho body 
wall. r rhe ectoderm and endoderiu vary in appearance 
according to the degree of contraction or extension of 
the tentacle, but the mesogloea which separates these 
layers lias always tlfe appearance of a straight line. 
There are many nematocysts in tho ectoderm of the 
tentacles. When the tentacle is fully extended, it pre- 
sents the appearance of a deltcate tube with prominent 
nodular swellings placed upon it at short intervals. 
Vhese swellings are of tho ectoderm, and contain large 
and small nematocysts. Each swelling usually contains 
one large neniatocyst, around which are placed lour or 
live small ones. The nematocysts are the weapons by 
which the Hydra captures minute swimming animals for 
food, and also ser^o as a protection from the attacks of 
small lish and other hungry creatures. Ne matocysts 
are of two kinds, large and small; each kind may be 

■ * " ^ e • - - - i -I 

se en in two conditions, which ma y he called tho loaded 
a nd Exploded condition. The surface of it tentacular 
swelling is studded with thorn-like outgrowths called 
cnidocils; which, although delicate and transparent, are 
easy to see. Embedded within the ectoderm at the base 
of each cqic(pcil is a neniatocyst. The cnidocil actH like 
t he trigger of a gun : when any small swimming animal 
touches it the underlying iienAtocyst is caused to ex- 
plode, that is to say, a minute •thread-like tube is shot 
out from it and enters the soft tissues of the intruder.' 
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A few exploded nematocysts may. be. seen adhering to 
the tentacles ; they are shaped, somewhat like a chemis t's 
flask with the neck drawn out to a conical , poi nji. ^ he 
neck is provided with threg or foip* spines or barbs. 
which are somewhat curved and very acutely printed ; 
the conical neck is prolonged into the long thread, which 
is believed to be tubular. Before* explosion the thread 
and barbs lie within the cavity of the nematocysts ; in ’ 
this condition the neck and barbs are plainly visible. 
The smaller nematocysts* which are for the most part 
grouped round tho larger* ones, are not provided with 
barbs ; tho threads, which they rarely eject, are muck 
shorter and stouter than those of the large nematocysts. 

Examination of Individual Cells. — Place a living 
Ilydra in a drop of water in a capsule, pour four or live 
drops of acetic methyl green solution upon it and leave 
it for three minutes ; withdraw the stfuin with a pipette 
and fill up the capsule with one per cent, acetic solution. 
After a minute transfer the Hydra to a drop of clean 
acotic solution upon a slide. Break it into a few pieces 
with noedlep, cover it with a slip, and examine it under 
the high power. Observo any cells which have become 
separated from mie large fragments, and examine the 

i 

fragments themselves, paying particular attention to the 
broken edges. The endoderm colls and the ^nqmatocysts 
have already been fully examined. 'Observation must 
be particularly directed to the ectoderm cells. 

Epithelio-muscidar Cel Is . — These celhLOre the principa l 
componentsj)f thd ectoderm. Along with the other cells 
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of thef body they are killed and fixed by the woak acid 
present in the stain ; but as every part of the body is 
not usually contracted to the same degree, the forms, .of 
these _cells are often various. The opitliolio-muscular 
cells can always be recognized by tlio appearance of their 
nuclei, which are large and round, somewhat smaller 
than the large nematocysts, but larger thau the small 
"nomatocysts, and provided with one or two very distinct 
nucleoli. If these cells are fixed in the expanded json- 
dition, they are lint and irregiflarly oval or oblong, and 
much larger than thoir nuclei — about three times as 
broad and tour times as long ; their protoplasm* which is. 
very faintly stained, appears to contain large vacuoles.. 
When theso cells aro in the contracted state their nuclei 
are not altered, but the cell body is roughly cubical and 
in all its dimensions is only equal to about twice the 
diameter of the lirtcleus. jLMio most remarkably part of 
the epithelio-muscular cells are the muscular processes 
which are attached to thoir inner sides, and are in 
contact with the mesogloca. jjlacli cell is usually pro- 
vided® with two such fibres, which project in opposite 
directions. The processes of adjacent cells lie parallel 
with one another and with tho longitudinal axis of the 
animal; they give the body a striped appearance which 
is plainly yiqjble in the stained specimen. J3y searching 
among the broken portions of the ectoderm, the muscular 
processes may be seen attached* to the cells, of which 
they are a part. 

. Interstitial Cells. — l'he cpithelio muscular cells are 
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the principal components of the ectoderm ; their adjacent 
edges are in contact with one another at the surface, 
but below the surface those cells are separated from one 
another by other cells, called interstitial. Interstitial 
cells therefore lie beneath the epitlielio muscular cells, 
and are placed so as to separate the deeper parts of these 
cells from one another. Jnterstitial cells become stained 
more deeply, and possess smaller nuclei, than the larger* 
epitholio fnuscular cells. The nematocysts are secreted 
by interstitial cells and erth be seen within them. 

Repkoimtction. — There are two methods of reproduc- 
tion — sexual and asexual. When water is plentiful, and 
the circumstances of life are favourable, the Hydra forms 
buds. These are simple outgrowths from the lower part 
of the body, which soon come to resemble the parent 
llydra in every way. They become detached and lead 
an independent life. During the coW-weatlier months 
most large*. Hydras show ono or more such buds, but at 
the approach of the hot weal her, when the conditions of 
life begin to be unfavourable, germ- cells, or qqn^tes^ 
which are fprmed from interstitial cells of the ectoderm, 
make their appearance. The male gametes, or sporma-' 
tozoa, are agglomerated together so as to form small 
conical swellings, which project from the body wall below 
tho bases of tho tentacles. Each spermatozoon consists 
of a minute oval head, which is maifily nucleus, and a 
long llagellum, or tail, by means of which the head ci\U 
be propelled through the water. Among the" Metazoa, 
those organs in wliich spormatozefa are formed are (failed 
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testes* The female gamete, or ovum, is usually single, ami 
is produced by the same individual that produces sperma- 
tozoa. Animals in which both male and female gametes 
are produced by the same individual are called hermaph- 
rodite. The ovum of a Hydra is an enlarged interstitial 
cell, which becomes surrounded and nourished by a 
number of other interstitial cells; it becomes amoeboid, 
•and grows rapidly at the expeuso of the surrounding 
cells, and stores up reserve food material or yolk within 
its substance. The ova of many other Metazoa are de- 
veloped in this way at the exponso of smaller cells which 
iprround them, and are together called the follicle of Uu. 1 
ovum,. When the ovum is mature, a spermatozoon, pro- 
bably from another individual, swims through the water 
towards it and unites with it, so that the nuclei of both 
ovum and gponnalozoon become fused together. This is 
the act of fertilization; the resulting cell is a zygote or 
fertilized ovum, which, by segmental ion, develops into 
another Hydra. Development is slow, and probably pro- 
ceeds throughout the hot-weather months. Thu develop- 
ing qpiuu is protected by a chitinons shell, which is 
’formed soon after the act of fertilization. 




PLATE IV. 

JfYrmA- 

A. Hydra contracted . 

B. Hydra fully extended. 

C. Optical flection of a tentacle. 1. large nomatocyst ; 2. cnidoeil ; 

3. mcHoglca; 4. oiulodcrm cells. 

D. A group of muflculo-cpibhclial rolls in a state; of contraction. 

M. Tliroo musculo-epithelial rrlla fully expanded. 1. linnatorysl. ; 
2. nucleus of AI. K. cell; 3. intorstitial rolls; 4. contracts 
thread of a M. E. roll. 

V. Large nomatoeysl. 

(r. Small urmatoesHt. 

II. HiagnAu of Hydra. L. a hud ; 2. ovum ; 3. testes ; 4. mouth. 

.T. Surface vii w of 1 firing ortodemi. (The roll outlines arc too thick.) 

A. and B. X 20. (J., 1)., R.,4/50 (approx.). As figurefl T). and TO. 
appear somewhat unlike the illuHtratious in other hooks, it must 
ho said that they wore drawn, with the help of the camera lucida, 
from portions*of a hydra which lifld been treated in the manner 
described in the text. 
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TRIPr,()riLA$TICA — ANNKUDA 

CoEiiENTrtiuTE animals lire said to be diploblastic because 
their component cells are arranged in two layers, ecto- 
derm and ondoderm, which are not separated from- one 
another by any important tissue. The higher animah. 
aro said to bo triploblastic (tlireo layered), because tbe 
endoderm and the ectoderm are separated from one 
another by several important tissuos which are spoken 
of collectively as the mesoderm. Worm-like animals are 
among fjie simplest of the Triploblastlca. 

The Annelids are segmented eoolomato worms. The 
word “segmented” expresses the fact that the soft, 

C 1 

elongated body is marked externally by a series of 
encircling .grooves, which divide it into a number of 
coujoined pieces called the segments. The external 
segmentation corresponds to an internal segmentation, 
for some of the most important systems of the body arc 
divided into a series of like parts, which ai$ distributed 
individually through the segments. ‘Thus, for example, 
each segment contain?’ a piece of tha. intestine, .of. the 
nervous system, of the excretory system, and. of the vas- 
cular system ; tlierefore the segments are, for the most 
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part, axaclly like, one another, inlnnially as well as exter- 
nally. A coelomato animal is one which possesses a 
coelom.. In the body of many animals there is a c»\vity 
which is lined by a layer of flat cells ; this cavity is tliQ 
coelom, and its lining is the coelomic opithelinm._ The 
coelom of an animal often surrounds .some part of 
the alimentary canal# separating it from the body wall. 
•The coelom is filled with a fluid containing amoeboid cor- 
puscles; it communicates with tho outer world through 
tubes called nepliridia, which have an excretory finictioiL. 
Tho germ cells of a coelomato animal always arise by 
budding from a spot on the. coelomic epithelium, and find 
their way out of the body through ducts which, like the 
nephridia, lead from the coelom to the outer world. In 
most of the Annelids tho coelom is segmented. Unit is to 
say, it is divided into a series of separate compartments, 1 
one* of which is placed in each segment. The gut, or 
alimentary canal, of an Annelid is a straight tuLo which 
opens at both ends of tho body ; the apertures of the gut 
arc tho mouth* and the anus. * 

Before proceeding further we must defino certain 
'terms. The surface of tho body which is nearest the 
ground whon the animal is crawling is called ventral. 
The surface which is uppermost is called dorsal. It is 
not easy to define tho terms dorsal and ventral so that 
tho definitions wifi apply to all kinds of animals. In 
man, because of his upright poskire, the ventral surface 
is to the* front, not towards the ground. The dorsal 
surface of an animal has boon defined in the following 
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manner : many imaginary lines may be drawn eutside 
the body from mouth to anus, but only one of them will 
lie directly over the brain ; this one will indicate the 
dorsal surface. The terms anterior, posterior, and 
lateral are much used in comparative anatomy. The 
anterior end of an animal is that at which the mouth 
opens; the postorior epd is where the anus is to be 
found. But difficulties sometimes arise in using thesef 
terms ; for example, in a gastoropod mollusc, the mouth 
and anus open in the same direction. Things which lie 
on ono or other side are Literal. An essential feature in 
the structure of many animals is their bilateral sym- 
metry ; that is to say, they can be divided by a median 
plane into two equal parts, which are exactly similar to 
ono another. The occurreuco of organs in pairs, which 
are placed ono on either side of a median plane at an 
equal distance froui it, is vory common in the animal 
kingdom. All Annelids are bilaterally symmetrical. 

| The contrnl nervous system is of a type which is also 
found in the groat group of the Arthropods. There is a 
long 1 white . chord placed in the median plane, ck)se to 
tho vontral body wall, between it and the alimentary 
canal ; it is not of uniform thickness, but is enlarged or 
swollen at a certain spot in each segment of ‘ the body. 
The swellings are called ganglia. The chord is composed 
of many delicate threads or nerve fibres. In a ganglion 
the fibres are interspersed with nerve cells, irregular 
nucleated pieces of protoplasm from which the nerve 
fibres arise as outgrowths. Til Vory nerve fibre arises 



TRIPLOBLASTICft ANNELIDA M 

from, and is connected with, a nerve cell. Norve iihros 
are of two kinds- sensory and motor. Sensory nerve 
fibres are outgrowths from sensory cells, which are 
elongated, spindle-shaped bodies situated among the 
cells of the skin. One end of a sensory cell projects out 
of the skin as a delicate filament, which is comparable 
to a cnidocil of a Hydra, the .other end is prolonged 
Into the body as a sensory nerve libro. Sensory fibres 
are united to form strands, which are called sensory 
nerves, and make up some of the number of nerves 
which we see in connection with the ganglia. All nerve 
fibres have the function of transmitting a kind of activity 
which is called a stimulus or impulse. A stimulus 
originates in sensory cells of the skin, and moves along 
sensory nerves towards the central nervous system, from 
which it passes along motor nerves towards the muscles 
and causes them to contract. The motor fibres arise 
from the nerve cells in the ganglia, and pass out of the 
central nervous system in the motor nerves which end 
among the muscles. The special peculiarity of the 
nervous system of the Annelids and Arthropods is the 
ventral position of the ganglionated nerve chord. 
Although the chord may appear to the naked eye to. be 
single, it is* really composed of two strands lying side by 
side which are in contact with one another. Similarly, 
the ganglia are double; there is apair of them lying ride 
by side in each segment. The most anterior pair of 
gang liaiioiieneath the oesophagus, close to the mouth , 
and are called the suboesoji hag eal gaflglia ; two thick 
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strands of fibres issue from them, one on either side, and 
pass round the oesophagus, to meet above it. These 
strands are called the circumoesophageal conne ctives ; 
they meet above the oesophagus in a pair of ganglia 
which are called supraoesophageal or cer^tu^L Ifivory 
ganglion sends out nerves to the skin and muscles of the 
segment in which it lies.* 

The Annelids possess a well-developed circulatory' 
system. ‘Many animals are provided with a Bystem of 
tubos filled with blood, which moves through them and 
carries oxygen and nutrient materials to every living 
particle of the body. The blood also removes the 
waste products of metabolism, such as carbon dioxide 
and ureA. In order to subserve these functions, the 
blood-vessels must be intimately connected with every 
part of the body, and in particular with .the surface 
of the alimentary canal, from which the nutrient 
material is derived, with the surface of the respiratory 
organs, through which oxygen is taken iu and carbon 
dioxide given out, and with the excretory surface, from 
which the wasto products are thrown out of the^body. 
Furthermore, the blood must be made to move or 
circulate in the tubes. If a tube which is full of fluid 
be squeezed at a certain spot, the contained fluid will 
move from that spot. If the inner wall o,f the tube is 
furnished with valves which, like the doors of a house, 
open in one direction wnly, the fluid must move iiijhat 
one direction. The walls of the blood-vessels of on 
animal contain muscle fibres, which encircle them and. 
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have the 2>ower of contracting; when they contract they 
become shorter, so that the calibre of the vessels becomes 
diminished, and the contained blood is made to move. 
It can only move in one direction because of valves, 
which resemble pockets and are attached to the inner 
walls of the vessels. A certain part, or parts, of the 
vascular system hnvo the powor*of rhythmic contraction, 
T;hat ii^ to say, of alternate contraction and relaxation ; 
these special parts ure called the heart or hearts. In 
the Annelids the 1 hurts are several and tubular, in the 
higher dnimals the heart is a more complex organ, hut 
i# is always developed in the embryo from a lube. In 
the lower animals the blood-vessels are of one kind, hut 
in vertebrate animals they are of two kinds, called arteries 
and veins. 

In the ekin of all Annelids are embedded certain 
chitinous rods called setae. Cliitiu is a lifeless* horny, 
und transparent material, which is often secreted by 
invertebrate animals, either as a protective covering to 
the whole body, or at certain spots where a hard sub- 
stance*^ required to withstand friction. The Annelids 
are divided into two principal groups, the Oligochaetes, 
which have few or inconspicuous setae, and the Poly- 
chaetes, which have many. Polychaetes occur only in 
the Bea. Th% Oligochaetes are found on land or in fresh 
water ; they include* the groat sub-group of Torricola, or 
earth-worms. 
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THE EARTH-WvjRM ( Pheretima posthuma) 

There are so many different kinds of earth-worms in 
India that it is difficult to choose one as a type for dis- 
section. In the neighbourhood of Calcutta as many aB 
five different genera may be found by digging in one 
spot, all of which are .different 'from one another in 
structure. Perhaps the commonest and most easily 1 
recognized is one which was called Perichaeta indica, a 
name which has been changed to Pheretima posthuma. 
Worms of this kind can be recognized by their outward 
appearance. In all earth -wor ms the skin of the body has 
a pale, swollen appeara nce at a snot situated an inch or 
more from the anterior end. This area of swollen skin. 
which encircles the body, is called the clitellum.^ In 
Pheretima posthuma three pairs of conspicuous aper- 
tures opgn upon the ventral surface closo behind the cli- 
tellum, and there are always thirteen segments in front 
of the clitellum. Worms which possess these outward 
features resemble one another closely, but not exactly, in 
their internal anatomy ; nor do they exactly resemble 
one another in outward appearance : for example, some' 
are about four inches in length and of an olive-brown 
colour, others are half as large again and of a pinker 
colour. As a rule, worms of this species whiclj are found 
in one place resemble one another vety closely, although 
frequently two or threto distinct genera may be found in 
the same spadeful of earth. 

External A pptiarance. — By tho positio n of the clitellum 
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and of t he generative apertures, the student can recog - 
nize lx)th the anterior end and the ventral surface 
of the worm. The mouth is a large aperture at the 
anterior end, which is surrounded by the lirst segment 
as by a ring. Overhanging the aperture is an insig- 
nificant fleshy lobe called thoprostomium. There are 
thirteen segments in* front of. the clitellum, which in- 
"cludeS'three segments in itself. Posterior to the clitellum 
are the 17th, 18th, aud 19th segments, each of 1 which is 
provided with a pair of conspicuous apertures ; thoso 
on the 18th segment are tlie apertures of tho male 
generative ducts ; they are a little larger than the other 
four, which are the openings of the accessory glands. 
The segments need not he counted beyond the 19th; 
there are about a hundred of them in all. Each seg ment 
of the body is armed with a large number of chitinaufc 
setae. These are like pegs embedded in the jkin jind 
placed in rows, one of which completely encircles each 
segment of the body. Sometimes tho setae are so large 
as to ho easily visible and palpaTde ; at other times a row 
of mifiute depressions in the skin, visible only with the 
help of a strong lens, is the sole indication of their 
presence. / In the midd le dor sal line , between each 
segment t here is ji minute pore, through which each 
compartmenjj of the coelom communicates with the outer 
world. When the 9 animal is in water a stream of 
brownish coelomic fluid can ofteff be seen to issue from 
these porcQ. When a live worm is dropped into spirit, 
coelomic fluid is poured forth from tHfem in quantities. 
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There is a kind of earth-worm which squirts fluid from 
its dorsal pores to a distance greater than twelve inches 
if it be handled. This action is obviously defensive. 
The other apertures of the body are best examined after 
the various organs have been seeu from the inside. 

Dissection. — Bin the worm down on its ventral 
surface in a flat dish, and cover it with water ; the pins 
should be inserted through the first and last segment^ 
and the body stretched straight between them, but the 
skin with fine scissors in tho mid-dorsal line along the 
whole length of the worth : the cut must not be deep, 
othei'wise the underlying intestino will bo injured. Tlje 
incision will divide tho whole body wall, including the 
skin, two layers of muscle fibres, and tho outer or somatic 
layer of the coelomic epithelium. The cut edges must be 
grasped with forceps, stretched asunder, and pinned down, 
so that the entire body wall comes to lie flat upon the 

c 

dissecting dish. The alimentary canal, which lies in a 
straight line l>etween the two extremities of the animal, 
is thus exposed. f J?he cbelom, or space between tho gut 
an$ the body wall, now lies freely open. M 

The. Coelom and Septa. —The coelomic space is divided 
into a number of compartments by as many membranous 
partitions called septa, which are fixed to the' inner side 
of the body wall opposite the grooves separating the 

i i 

segments from one another. The- septa Bhould be 
examined, beginning with the most anterior. The first 
definite septum lies between the 4th and 5th' segment, 
hence the coelom of the first four segments is a single 
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cavity. The first septum is thin ami membranous. The 
next three, which separate segments V, VI, VII, ami VIII 
from one another, are thick ami opaque. The septum 
behind segment VIII is also somewhat thickened, hut all 
the others throughout the body are thin and translucent. 
In worms of the kind we are dealing with, one out of 
those septa which are anterior .to the clitollum is usually 
missing. In some there is no septum between segments 
VIII and IX, in others there is a septum in Hits position, 
hut there is none between segments IX and X. The 
other septa are always present so far as I have seen, and 
-sometimes there is no missing soptum. 

Some of the coolomic fluid from a fresh worm should 
be examined under the microscope ; it may bo obtained 
either from the dorsal pores by squeezing, or from a cut 
made in $ie body wall. It should be mixed with salt 
solution, and examined under the high power. The 
coelomic fluid contains three kinds of cells : tlioso of one 
kind are full of yellowish granules, which render them 
opaque and conspicuous ; otlfers are spherical, trails- 
parent, and devoid of granules, hut provided with a small 
central nucleus ; they closely resemble the cells which 
are found in the blood. The third kind are the Phago- 
cytes. tfhese are smaller than the others; they are 
nucleated^ and irregular in shape, and exhibit amoeboid 
movement. The Phagocytes often contain ingested bac- 
teria, which abound in the coelomic fluid. 

Alimentary Canal .— The mouth leads into a pharynx, 
which lies within thfl first four segments. The dorsal 
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wall of the pharynx is thick and ^muscular, a*\d is 
attached to* the body wall and to the first septum by 
strands and sheets of tissue resembling incomplete Bepta. 
The opening of the oesophagus into the pharynx is over- 
hung by a soft fleshy shelf, which is placed horizontally. 
When alive Pheretima has the habit of protruding and 
retracting its pharynx ; this is most noticeable when the 
worm is placed on a wet surface. The pharynx may be* 
protruded* a quarter of an inch beyond the prostomium, 
which is a fixed point. This action may be performed 
in order to swallow wator, or it may be a means of pro- 
gression. The oesophagus is a narrow tube which leave* 
the pharynx in the 1th segment and passes through 
the 5th, 6th, and 7th segments. It usually perforates 
the 1st septum at a point above its centre, and descends 
as it passes through the three segments; w^ile in the 
5th segment it receives on either side the openings of 
the ducts of the oesophageal glands. These ore a pair of 
conspicuous organs which look like a bunch of red grapes, 
when magnified. The oeSophagns opens into the crop, a 
round organ with thick muscular walls, which in dome 
worms is placed in tho 8th segment ; in others it occupies ' 
both the 8th and och segments, owing to the absence of 
the septum, which should intervene between these two 
segments. The intestine lies in a straight line between 
the crop and tho anus; after passing* through the 13th 
segment it becomes wider. In the 26th segment it gives 
off on either side a tulnlar pouch, which ends blindly 
near the posterior'end of the prostate gland of the sam e 
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aide . •Thesepouches are called the intestinalcoeca.^Tho 
surface of the intestine is covered with a ymoxv powdery 
substance -which is easily rubbed off. If tome of this 
substance be examined under the microsctje, it will be 
seen to consist of cells which are full oE yeUo\granules. 
Cells of this kind have already been seen in the cn&omic 
fluid. The yellow grannies are nitrogenous waste ma - 
terial, w hich has been extracted from the blood as jt 
passes through the lateral intostinal vessels. • A small 
piece of the hinder part of the intestine should bo cut 
out and examined after its contents have been washed 
tway. Tn the mid-dorsal line tho wall of the intostino 
is folded in so as to form a projecting ridge, which is 
called the typhlosolo. 

Vawnlnr Sf/atrm . — Tho vessols are filled with red 
blood, tap red colouring matter resides in the fluid 
or plasma of tho 4>lood, not in the corpuscles^ When 
examining tho blood microscopically, caro must be taken 
that it is not contaminated with tho coelomic fluid. /Puro 
blood can be obtained from an dkcised heart; it coutains 
a fcw»round nucleated cells, or corpuscle which do not 
appear to be amoeboid?) Along the upper_ surface of the 
gut, in its whole length, lies the dorsal vessel ; similarly, 
beneath the gut is the ventral vessel. The dorsal vessel 
gives out in each segment two lateral intestinal^ vessels, 
which pass round the gut to join the ventral vessel. Ijx 
the 12th and 13th segments, the lateral vessels which, 
encircle the, gut are single on either side and very 
conspicuous ; these enlarged vessels l&ve the power of 
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rhyth mic contraction, and are called hearts. There is a 
small vessel beneath the dorsal vessel which may be 
called subdorsal. In segments XI f and XIII it_ com- 
municates on either side with the hearts ; which there- 
fore have three communications, namely, with the dorsal 
and subdorsal vessels above the intestine, and with the 
ventral vessel below it.. There is a vessel which lies 
horizontally alongside that part of the intestine which* 
is anterior to the coeca ; there is also a small one beneath 
the nerve-chord, which is called the sulmeural vessel. 
The ventral vessel supplies branches to the nephridia 
in each segment. The body wall is supplied from tlie 
dorsal and snbneural vossels by small branches, which 
are called the parietal vessels. 

The blood glands are a scries of small wliite^rgans, 
which lie upon the intestine on either side gf and close 
to the dorsal blood-vessel. There Are a pair of blood 
glands in each segment of the body, posterior to that 
in which the intestinal coeca arc situated. The function 
of these glands is unknbwn ; they consist of a mass of 
nucleated cells, which may be blood cells, or phagocytes 
in a state of development. Tissue in which new amooboief 
cells are developeu is described as lymphoid. 

There are no Bpecial respiratory organs in the earth- 
worm ; the skin is plentifully supplied ( w^th minute 
blood-vessels or capillaries. Oxygen 'passeB through the 
skin and enters the Mood, which is circulating in the 
capillaries. Similarly, by a reverso route, parboil dioxide 
is given off from \he blood to tWouter air. 
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Generative Organ s. — Alt earth-worms aro hermaphro - 
dite? that is to say, the male and female germ-cells are 
produced in one and the same individual. The female 
germ-cells, or ova, are formed in a pair of small bodies 
called the ovar ies ; the male jgerm-cells, or spermatozoa 
are formed in two pairs of smaller organs called the 
testes. Both ovaries and testes are developed in the 
same manner. At a certain sp ot on the coolo mic w all, 
the epitheli al cells undergo rapid growth ami division, 
sojhat small masses of cells, which aro the germ-cells, 
proj ect from the smooth surfaco of the epithelium into 
pthe^ cavity of the coelom. The germ-cells become de- 
tached from the ovaries and tostes, and fall into the 
coelom; they leave the body by passing through tubos, 
which open at one end into the coelom and at the other 
upon the # surface of the body. The coelomic openings 
of the tubes are widely funnel-shaped. * The tubos which 
give passage to the ovo. are called the oviducts, those 
which convey the spermatozoa are called vasa deforontia. 
The oviducts 'open into the coihmon coolomic cavity, but 
the wisa deferentia open into a special closed part of the 
coelom called the seminal vesiclo. 

In order to see the generative organs the gut must 
be removed; it should be cut through at the coeca and 
raised frojn behind. The septa which hold the gut down 
should be cut as close to the intestine as possible. 

Female Generatin' Organs.-- # ho ovarie s aro found in 
the 18th* segment, Le. the segmeut next in front of the 
clitellum. They are attached to the sflptum which forms 
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the anterior wall ot_ that segment, and lie close on either 
aide ot the nerve-chord. They should be removed and 
examined under the microscope. The base of an ovary 
is continuous with the septum , and is compact and 
granular ; the other or free end of the organ consists of 
a number of separate filaments, each of which contains 
a row of mature eggs resembling a string of beads. The 
oviducts are two short tubes, which perforate the septum 
between the 13th and 14th segments; the internal 
or coelomic opening of each is surrounded by a wide 
funnel with folded margins, which lies in the 13th seg- 
ment. After perforating the septum, the oviducts con-% 
verge and meet one another beneath the nerve-chord. 
The external opening is single, and lies in the mid- 
ventral line upon the clitellum, immediately in front of 
the row of setae which belongs to the 14th segment. 

Male Generatin' 0 iff am. —These consist of the testes, 
seminal vesicles, vasa deferent ia , and prostates. The 
seminal vesicles are the conspicuous organs which are 
seen in segments X, XT,*and XII; they consist of two 
median ve sicles which lie beneath the gut, and dbhree 
pairs of lateral vesicles which lie on either side of the 
gut and partially embrace it. The median vesicles are 
in segments X and XI, the posterior one being the 
larger ; the lateral vesicles lie in segments XI, and 
XII. Within each med ian vesicle is rf pair of testes and 
a pair of sominal fun nels, which resemble the funnels of 
the oviducts in size and appearance. As the ova drop fiQom 
the ovaries, so (lb certain cells * called spermatoblasts 
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drop <rom th e test es. The development of the sperma- 
tozoa takes place within the se minal vesicles. A piece 
of one of the lateral vesicles should be cut off, and its 
contents squeezed into a drop of salt solution upon a 
slide and examined under the microscope. The sper- 
matozoa are developed out of the spurmatoblusts, which 
are simple round sells confining one nucleus. A 
mature spermatozoon consists of an elongated houd, 
which is the nucleus, and a long line protoplasmic 
filament or tail. Each Hpcnp atohlust gives j;isoJjO lift# 
or more spermatozoa. Part of the spermatoblast 
^remains over as a residue of protoplasm, which takes no 
part in the formation of the spermatozoa. Each seminal 
funnel is the mouth of a fine duct or vas deferens ; the 
two ducts of a side come in contact in the 12th segment, 
hut do nojj unite ; they pass in close company through 
several segments and fi nally o pen into tlie^rostaticjiluct 
in the 18th segment. 

The prostates are a pair of large glands of an 
irregular nodular shape and of a whitish colour, which 
lie on either side of the intestine posterior to the region 
of the clitellum. They belong to the 18th segment, hut 
project beyond it into the neighbouring segments. Each 
prostat e gl ands has a short, wide duct, which opens by 
the male a g enerative, .aperture upon the 18th segment; 
the double vas dftferens joins the prostatic duct as it 
issues from the gland. The function of these glands is 
not certainly known. In some kinds of earth-worms 
they are absent, in others they are tubular, or of other 
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shapes; this is remarkable, because it seems that the 
mode of life and the generative functions of all the 
various kinds of earth-worms must be nearly alike. 
The, Jerm prostate is u sed t o describe a gland whic h 
secretes a mucoid fluid as a carrying medium or vehiclo 
for sperma tozoa. There are a pair of glandular pouches 
in segmonts XYII and XIX; thufte are the accessory 
glands, their function is unknown. They open # con- 
spicuously*^ series with the male generative aperture. 

The Spermathecae . — The spermathecae are receptacles 
for mature spermatozoa whicli have been received from 
another worm. They are eight in number, and lie in* 
pairs on either side of the gut from the tith to the 9th 
segment. Each spermatheca consists of an ovoid pouch 
and a narrow coecum, which protrudes from the neck of 
the pouch. The neck of each is a narrow tube which 
opens upon the skin in the groove between two segments. 
The disposition of the spormatliecae is particularly 
subject to variation. A spermatheca should be removed 
and its contents examined in salt solution undor the 
microscope. The mature spermatozoon consists dt an 
elongated head, which is prolonged into a delicate thread- 
like tail. Unless the light is properly regulated. tho tails 
will not be seen ; they are often actively motile. 

Excretory System . — The excretory system of ‘Annelids 
consists of a scries of tubes distributed through the 
segments. Each tube has jm opening at either pud, the 
one into the cavity of # the coelom within the body, 
the other upon the skin outside the body. In the 



71 ) 


T1UPL0BL AST1CA-AN N KL1J >A 

European earth-worm Lumhricus there are iu each 
segment a. pair of such tubes which are called uephridia; 
each one 0])ens into tlie coelom by a minute ciliated 
funnel; the neck of the funnel passes through one of 
the septa, so that the main part of the ncphridium lies 
within, and opens upon the skin of, the segment next 
behind that in which 9 the funnel opens. Much of the 
liube consists of a series of elongated cylindrical cells 
placed end to end; in the axis of each cell is a* channel,* 
which is said to be intracellular, for it appears as though 
excavated through the solid protoplasm of the cell. The 
*epliridial tube is therefore like a drain-pipe which is 
composed of numerous individual lengths of piping. 
The excretory system of Pherctimu is different from that 
of Lumbricus : in place of the two separate tubes t here 
is a diffuse ramifying system of tubules, with many 
funnel-like opeuin$> in each segment, and many, minute 
external apertures which are scattered irregularly over 
the skin. 

A short length of the intestine should be removed 
with as little damage to the septa as possible, the 
remaining, body wall should be washed, and the septa 
examined with a lens. Each septum is for the most 
part smooth, but near where it unites with the body wall 
it has a shjiggy appearance, which is due to a collection 
of minute tubules. * A piece of septum should bo cut oil 
- as close as possible to the body wall ; it should be lioated 
on to a slide, covered and examined in water under the 
microscope, or it may first be stained with acetic methyl 





PLATE. V. 

'ftlE Earthworm ( Phcrctima posthwna). 

— . 

A. 1. brain; 2. pharyngeal gland; 3. spormathcca; 4. crop; 

5. nominal vosii Ion ; 0. hearts ; 7. prostate gland ; 8. coocum ; 
9. blood gland ; 10. nopbridfla. 

B. 1. median seminal voniclo ; 2. seminal funnel ; 3. lateral seminal 

.vesicles ; 4. ovary ; 5. oviduct; (». vhh doferetitin ; 7. nceesnory 
gland ; 8. prostate ; 9. ncrvo-cliord ; 10. prostatic duct. (The 
alimontary canal has beon removod.) 

G. The ventral surfoco of the body in the region of the clitollum; 

1. opening of oviduct; 2, 4. openings of ocooss^y glands ; 
3. male aperture ; 5. sotae. (Tho setae aro too conspicuous, 
especially on tho olittolar sogmouts.) 

D, E, P. Three stages in development of spermatozoa taken from 
a seminal vesifcle, drawn from stained specimens ; Jho coarse 
granules aro chromatin. Tho tails of tho spermatozoa are not 
shown ; thoy aro best soon in maturo and living spermatozoa. 

G. Median longitudinal section of tho first oiglit segments. 1. Brain ; 

2. Suboqpophageal ganglion ;• 3. Pharyngeal sholf ; 4. Nc- 
phridia copiously developod in the Gtb sogmont; 5. Pha- 
ryngeal glands ; C. crop ; 7. llesliy roof of pharynx. 

H. Seminal funnel. 

' H 1 . Testis. 

(D-P x 450; II. and II 1 . x 25.) 
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green. A largo number of contorted tubules are Been 
attached to both sides of the septum. The channels 
within these tubules are intracellular, as in Lumbricus. 
The septum is pierced by numerous ciliated funnels, 
which are the coelomic openings of the nephridial tubules. 
The external openings of the tubules can only be seen in 
sections of the body wall which have been cut with the 
microtome. The body wall consists of an outer skin, of 
ectoderm/ and two layers of muscle fibres, one witfiin the 
other. The outer muscular layer is composed of fibres 
which oncircle the body; the fibres of the inner muscular 
layer are placed longitudinally and are separated fro® 
tho coelom by a thin coelomic epithelium. Many 
tubules of the nephridial system ramify between the 
coelomic epithelium and the body wall, and find their 
way irregularly between the fibres of both muscular 
layers towards the skin, upon which 'they open by very 
minute apertures. 



CHAPTER IV 


PLAT\ HELMINTH Rtf— NKMAT01 )ES 

An\ elongated animal which is soft and flexible may 
be described as worm like. ^The Plotyhelminthes are 
worm-like animals in which the body is llattoned. 
They occur in various circumstances; in the sea, in 
fresh water, among moist vegetation, or as parasites 
upon or within other animals. Although the various 
kinds of flat worms are very different from one anolbor 
in certain features of their anatomy, they all agree in 
the following points : they are elongated and flat. In 
some there is a gut, in othei'H tbeie is none. When 
present the gnt is provided with one opening the 
mouth ; there is no anal aperturo. There is no coelom, 
or body cavity; tho interval betweon the gut and the 
body wall is occupied by soft mesoderm, which is com- 
posed of an irregular network of branching nucleated 
cells. In the Cestodes, which are devoid of a gut, the 
whole interval enclosed by the body walls is occupied 
by mesoderm. Th8 excretory system is of a cot tain 
'type which is peculiar to the gftiup; it consists of a 
tree-like system of branching thbules; those parts of 
the svstem which represent the ultimate twigs of the 
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tree are fine tubules scattered throughout the mesoderm, 
and terminating in remarkable structures called flame 
cells, but that which represents the trunk of the tree 
is a larger tube, which opens upon the outer surface 
of the animal aud discharges the waste products. Flat 
worms are nearly all hermaphrodite. 

The Platyholminthes o are divided into three sub- 
groups — tho Turbellaria, Trematoda, and the Cestoda* 

c 

The Turbellaria, for the most part, lead a free life, 
either in the sea or in fresh water; they are covered 
with cilia and possess a gut, which usually opens in 
tho middle of the body by a siuglo aperturo. Tho 
other two groups are parasites upon, or more usually 
within, the bodies of higher animals. Trematodes are 
provided with a gut, which ojrcns near one end of 
the animal by a small aperture ; they are nlqp furnished 
with disc-like suckerB, by means of Which they cling to 
tho host. A well-known example of a Trematode is 
Distomum, the liver fluke, which is parasitic in sheep. 
A liver fluke is an oval flat body, about' one inch long 
and half ns broad, which sometimes occurs in great 
numbers in the liver and bile ducts of sheep; it feeds 
upon the liver substance and may cause the death of 
the sheep. This parasite is not common in India, 
though some kinds of Distoma are found from time 
to time in the body of man. The life-history of 
Distomum is of remarkable interest. The mature 

t k 

animals give forth a ■ very large number of minute 
eggs, which are protected by resistant shells. These 
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eggs «pass down the bile ducts of the sheep and enter 
the intestine; they leave the intestine, together with 
the faeces; if they fall upon wet grass, they each give 
rise to a minute ciliated embryo, which seeks out a 
certain small snail which may be living among the 
wet grass; they bore their way into the body of the 
snail, and there undergo further development. Although 
’they are in a larval condition, they reproduce their 
kind within the body of the snail, so that although 
perhaps only one larva enters a particular snail, a large 
number issue from it when the snail is weakened by 
ihe attack. The larvae which finally leave the snail 
are in a more advanced stago of development than 
those which entered it; although very small, they 
possess most of the essential features of the mature 
fluke; they surround themselves with a cyst wall and 
rest among the • grass; when hy chance they are 
swallowed by a grazing sheep they find their way 
into tho liver by passing up the bile duct; here? they 
become matufe and lay their* eggs, so that the com- 
plicated cycle is repeated. 

ThQ Platyhelmin then exhibit various degrees of 
parasitism. Most of the Turbellaria are free-living 
worms, but there are a few which live in association 
with other animals. All the Trematodes are parasites; 
some of them, h(*vever, live upon tho outside of their 
host. Trematodes of this kind «nay be found upon the 
skin or clinging to the gills of fish ; they have several 
large suckers, which enable them to cling to their host ; 
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they do not produce a very large number of «eggs. 
Trematodes such as Distomum, which are internal 
parasites, have only two small suckers and produce 
a very large number of eggs. Their life cycle is com- 
plicated, and depends for its success upon many circum- 
stances; it is therefore necessary that a very large 
number of eggs should be produced in order that at 
least a few of them may pass through the complete* 
cyclo. Parasites belonging to the same family as 
Distomum are very common in the intestines of frogs. 

The Cestodes, or tape'-worms, illustrate the most 
advanced degree of parasitism, and as they are of ter* 
met with, both in the mature condition and in a state 
of development, they will be described in more 
detail. 

Taenia mffinata . — This tape-worm is p common 
parasite of man in India and other -countries ; it may 
be obtained after it has been evacuated by modical 
treatment. Much of the structure of a tape-worm can 
be seen in permanently preserved specimens. Small 
living tape- worms of other species may often be found 
in the intestines of common rats, also in cats, dogs, 
fish, and even pigeons. There are two separate forms 
or stages in the life-liistory of Taenia saginata, both 
of which are parasitic, but each in a different species 
of animal. One form which may be f spoken of as the 
tape-worm is sexual and produces eggs; it is a long, 
fiat worm which lives 'within the intestine of man. 
The other form, Which is called 'the cystic larva, is a 
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round bladder-like body, somewhat larger than a pea, 
which is found embedded in tho muscles of an ox. 

The Tapr-irorm »S7w/r. — A mature specimen of Taenia 
saginata may measure as much as ton foot in length; 
it is Hat and of a white colour. 'Hie whole body is 
divided into a large number of conjoined segments; 
any two adjacent segments gesemble one another, Imt 
*all are not alike. If the eye passes along the whole 
length of tho worm, it will ho seen that a progressive 
change occurs 'in the outward shape of the successive 
segments. If the two ends are examined it will be 
•cen that they are different from one another. One 
end of the worm is broad and Hat, and is composed 
of segments which are clearly marked off from one 
another; the other end is slender and cylindrical, and 
torminates.in a small swelling or head, which is buried 
in tho intestinal Wall of the host and constitutes the 
only means of attachment of the parasite to tho tissues 
of the host. The slender part of the body, which is 
immediately l?elow the head, may be called the neck; 
it is tiot segmented, but an inch or so from the head 
segmentation becomes visible ; at first the segments are 
very small and are broader than they arc, long, but at 
a distanco of eight or ton inches from tlm head they 
are squaij), measuring about one quarter of an inch 
in length and breiftlth ; as the segments become further 
and further removed from thtf head, so do they in- 
crease in size, and their length becomes greater than 
their breadth. The* terminal segihents are about 
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three-quarters of an inch in length, and three-eighths of 
an inch in breadth, in accordance with the progressive 
change which occurs in the outward appearance of the 
segments, there is a similar progressive change in their 
internal structure, a change which affects the generative 
organs only. The smallest segments, which are nearest 
the head and may be called the youngest segments, do 
not contain generative organs, but as the segments* 
become older and further removed from the head these 
organs appear in them. All stages in the development 
of the generative organs can be seen in a complete 
worm, from the first appearance of the germ-cells tQ 
the formation of the fertilized eggs. The terminal 
segments are filled with a large number of fertilized 
eggs, each of which is protected by a resistant shell. 
These segments, which are known as proglottides, 
become detached from time to time and pass out from 
the intestine along with the faeces. 

Much of the structure of Taenia can be seen in pieces 
of the body which have ‘been stained and permanently 
mounted in Canada balsam. The head and a segment 
from the middle of tho body, as well as one of the 
terminal segments (which have been treated in this 
way), should bo examined. 

The Head or Scolc.v . — The lioad is about the size of 
a pin’s head, and is shaped like a rotand cushion ; it is 
furnished with four suckers, which are placed laterally 
and serve as a means of •attachment ; immediately below 
tho head the nedk shows signs 6f annulation, but well 
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defined segments do not appear until further down. The 
heads of many species of tape-worm are provided with 
chitinous hooks, which are a means of attachment 
additional to that afforded by the suckers ; those hooks 
are arranged in a ring around the top of the head, and 
are therefore spoken of as the crown of hooks. 

A Middle Sajmenh-k segment from the middle o[ 
the body shows ripe generative organs, both male and 
female. The male organs consist of a largo number of 
small spherical lestes, which are scattered irregularly 
throughout the whole segmont; they are connected by 
% system of line ducts with a vas deferens, which opens 
at the common goncrativo aperture upon the edgo of 
the segment. The female generative organs consist of 
fivo parts — the ovaries, the yolk gland, the shell gland, 
uterus and yagina, which are arranged as in the diagram. 
The ova are formed in the ovaries ; they become fertilized 
by spermatozoa, which enter the segment through the 
vagina. The vas deferens ends in a tubular organ, or 
penis, which Can be protrude?! through the common 
generative aperture. The segments may fertilize them- 
selves or each other. The eggs receive nutrient material 
from the yolk gland, and by the activity of the shell 
gland become covered with a thick chitinous shell; in 
this ripe condition they pass into the uterus, which is 
a tubular pouch lyiflg in the middle of the segment. As 
•the segments become oldor and •further removed from 
the head, their uteri become filled with eggs to a greater 
and greater extent, and 'therefore beconft? more and more 
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conspicuous, but the ot^or generative organs dwindle* and 
disappear. 

Terminal Seyment . — The terminal segments therefore 
contain a complex uterus which is filled with liard-shelled 
eggs. The main body of the uterus is still median in 
position, but a great number of side branches have 
appeared in order to accqinmodats the large number of 
eggs. 

Alimentary Syrian.— A. tape-worm has no alimentary 
canal. The interval enclosed by the body wall is tilled 
with spongy mesoderm, among which the generative 
organs lie. The function of an alimentary canal is tr 
digest the food material which it receives, so as to enable 
the nourishment to pass through the wall of the intestine 
into the blood stream; in the process of digestion the 
insoluble proteid food-stuffs are converted into soluble 
peptone^. Now, a tape-worm lies in the intestine of 
another animal, and is therefore, surrounded by peptone 
and other solublo nutriment which, although belonging 
to the host, passes through the skin of tfio parasite und 
nourishes its body; an alimentary canal is therefore 
unnecessary to a tape- worm. 

XeruoHH Syrian.— The central norvous system is the 
centre of tho mechanism by which an animal responds 
to the many events which occur around it. Yqv example, 
the body of an earth-worm responds to the changing 
degrees of light, hqat,'and moisture, to vibrations and 
many other events; it 'responds to them in order that 

4, • 

its life may be preserved. But the tape-worm, lying 
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within the intestine ot another animal, is littlo subject 
to changing events, consequently a well-developed nervous 
system is unnecessary. Thero is a ring of nerve-tissuo 
in the neck, and two strands of fibres which pass from it 
through all the segments of the body ; these strands lie 
close to the margins, one on either sido. 

The. Krnrtonf Si/fttem . — Tips consists of two channels, 
*one of^which accompanies the nerve-chord on either side ; 
the two are connected in eacli segment by a transverse 
channel, and o[)en to the exterior at the end of the last 
segment. A number of line tubules spring from the 
main channels and form a ramifying system among the 
mesoderm; these tubules, which are very minute, are 
composed of cylindrical colls containing an intracellular 
duct, as in the nepliridium of an earth-worm. Each 
terminal twig of the system ends in a hollow ovoid bulb 
which somewhat resembles a chemist’s flask ; inside the 
bulb there is a long llagellum, which is lived to the wall 
and moves in an undulating manner. The movement 
was compared to the flickering*)! a candle llauie, hence 
these •terminal bulbs, which are merely expanded and 
excavated cells, are called flame cells. Flame cells can 
only be seen during life, and are never easy to see. The 
main channels of the excretory system are plainly visible 
in most sppeies of tape-worms, especially during life. 

The Life /lixtfinj . — The terminal proglottides are 
evacuated with the faeces; at ttie^timo of evacuation 
they are capable of movement* and because of their 
white colour they are conspicuous objects. The walls 
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of the proglottides soot become disintegrated ; the Hiard- 
shelled eggs are liberated, and become scattered with the 
dust. Each egg undergoes segmentation within its shell, 
and gives rise to a six-hooked larva, which consists of 
a spherical mass of cells provided with six protruding 
hooks of chilin. In this condition the eggs may be 
taken into the stomacli oj a grazing ox ; in which case 
tho larvae will issue from their shells, bore their way 4 
through the wall of the stomach or intestino of the ox, 
and come to rest in some organ, usually "in the muscles, 
where they furthor develop into cystic larvae. In the 
process of development, a cavity appears within the solid 
ball of cells, the six-hooked larva therefore becomes a 
cyst, which grows considerably in size. At one point 
on the wall of the cyst a eup-liko depression appears. 
Upon the inner surface of this depression, which is of 
course continuous with the outer surface of the cyst, 
four suckers are developed, and in many species a circle 
of hooks also. In this waj the head or scolex of the 
mature worm is developed so that it lies within the 
cybt, which is embedded among the muscle fibres of 
the ox. If a cyst is swallowed by man, the head or 
scolex becomes everted, so that it assumes the mature 
condition, although it is still attached to the cyst by 
a short neck. The scolex buries itsolf in Hie wall of 
the intestine of the man; tho attached cyst becomes 
dissolved, but the substance of the neck increases rapidly 
and becomes segmented, so as to form a mature tape- 
worm. The cystic stage is not 'wholly confined to the 
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ox, it* may occur in other animals, and even in man. 
Since a cyst can establish itself in any part of the body 
of the host, it may do so in a vital orpin, and hecomo 
a source of danger. 

In some species of Taenia the cyst is very large. 
Taenia echinococcus is a small tape-worm which com- 
monly lives within tlio intestine of dogs. Tho cystic 
■larva is like a big bladder, and is large onough to con- 
tain a pint or more of fluid ; attached to the inner wall 
of tho cyst is a»va r,t number of heads or scolices; floating 
in tho fluid are a large number of subsidiary cysts, which 
yary from the size of a pea to that of a lien’s egg. The 
outer walls of these smaller cystH are also covered with 
innumerable scolices. Tho cystic stage of T. echinococcus 
is commonly found in shoe}) and goats, most frequently 
in the livei^for these animals while grazing may swallow 
the eggs of the Taenia which have been evacuated by 
dogs. The life cycle is carried on with certainty in tho 
following manner. A sheep is slaughtered and gutted, 
the liver is forftid to be full of cysts, and being unlit for 
hrnnnii food is thrown away, to be devoured by dogs, in 
which the tape-worm is developed. In some parts of 
India nearly all the sheep and goafs have cystic livers. 
The cyst of Taenia echinococcus iH sometimes found in 
man, and # is then spoken of as an “Hydatid.” Such 
cysts may grow foi* years, and finally cause death. Man 
is infected by eating uncooked« vegetables which have 
been contaminated by dogs. Contamination can easily 
occur, as the minute eggs of the ta[fo-worm are very 
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numerous, and are protected from heat and digiught 
by the thick chitinous shell. Ilydatid disease occurs 
among men in nearly all countries, but it is not com- 
mon, except in Australia and Iceland. 

Taenia coenurus is a tape-worm which is also found 
in dogs ; it is much longer than T. echinococcus. The 
cystic stage is found in sheep, and * causes a fatal disease 
called “ staggers.” Although the larval cyst is only* 
about an ounce or two in capacity, being much smaller 
than that of T. echinococcus, it seems to «shoose out the 
brain of the sheep as the seat of its growth, hence its 
danger. This parasite causes great loss to owners of 
sheep in many parts of tho world ; it is common in 
Bengal. A romarkable occurrence in tho life-history 
of both these species of Taenia, is the production by 
asexual means of a vast number of scolices.out of one 
cyst, whjcli is derived from a single fertilized egg, or 
zygote. This process reminds us of the lif ’ ' ' 
Distomum, in which there is an asexual in 
of larvae. 


NEMATODA 

The Nematodes are cylindrical, unsegmented worms 
which are for the most part parasitic ; several of them 
are parasitic in man. All Nematodes are covored with 
a particularly thick cuticle. There * is no system of 
blood-vessels. The nervous system and excretory system . 
aro of a peculiar type. The sexos are separate ; as a rule, 
tho male is smaller than the female. Cilia have never 
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been $een in any Nematode ; this is remarkable. Owing 
to their power of producing movement in fluids, cilia are 
of the utmost importance in the animal economy, and 
occur in every group of the animal kingdom oxcopt the 
Nematodes and Arthropods. Although Nematodes aro 
very commou, it is not always easy to obtain any one 
kind in large quantities. The large “ round worm M 
•Asearis, which is found commonly both in horses and in 
man, is a good typo for dissection, hut it is not always 
easy to obtain.* A small worm of the genus Oxyurus is 
very common in the intestim'of the common cockroach. 
Jn Calcutta, almost every cockroach is infected witli a 
dozen or more of these parasites, which aro so trans- 
lucent that most of the important features of their 
anatomy can he seen in the living stale with the help 
of the microscope. 

OxYiTitus.— The contents of the intestine of a rock- 
roach should he mixed with salt solution in a capsule. 
The worms will be seen as delicate white threads about 
one-quarter of An inch in length,' ‘which move, slowly bend- 
ing tlvmiHolvns from side to side. A worm should bo placed 
in a drpp of salt solution upon a slide, covered with a 
slip, and examined iu the living state ; it is not easy to 
make permanent stained preparations of these worms, 
for the cuticle will not allow the preservative fluids to 
penetrate. Several species of Oxyurus have been 
described from cockroaches. r Uhe chief peculiarity of 
the genus is the long stylo-liko prolongation of the 
posterior end of the body. 
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Examination . — Notion first the stylifonn process which 
marks the posterior end of the worm. The whole body 
is covered with a thick cuticle, which is distinctly annu- 
lated. The rings are most noticeable at the anterior 
end. The mouth is terminal, but the anus opens on one 
side of the base of the styliform process. The side upon 
which it opens is considered to be ventral ; it is important 
to recognize this, because the generative and excretory* 
apertures of the body are also upon the ventral surface. 

The Alimentary Canal . — This is a tube which lies 
evenly between the mouth and the anus. In the anterior 
part of the body it shows threo enlargements, which may 
be called the pharynx, gizzard, and stomach. The 
pharynx is more or less pear-shaped, but varies in 
form from moment to moment, because the animal has 
tho habit of protracting and retracting tfye anterior 
end of tye body. Tho gizzard is spherical, its walls are 
thick, and provided with a sot of chitinous crushing 
plates, or teeth, which move in a rotatory manner, so 
that food material is ground between thAra ; the action 
of the teeth should be watched— such teeth ara rare 
among Nematodes. The stomach is a spherical chamber 
which is considerably larger than the gizzard. The 
intestine passes straight from the stomach to the anus. 
The individual colls which make up the walls of the 
gut and their nuclei are easily visible under the high 
power of tho microscope? There are a number of muscle • 
fibres, attached to the body wall opposite to the anus, 
which converge 1 6 a point on the ventral body wall just 
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behind the anus. The function of these is probably to 
open tho anal aperturu. 

Thr Botin Canty.- —There is a wide space between the 
gut and tho body wall i\hich is largely occupied by the 
generative organs. This spaco is called the body cavity, 
but it is not a true coelom, for it is not lined by a 
coelomic epithelium, • and lin# not any of the othor 
"characters of a coelom. Tho individual endodermal cells 
of tho intestine can easily be seen : they are not covered 
by any niesocldnn.il tissue. The outer boundary of the 
body cavity is the body wall ; this consists of an outor 
layer, or epidermis, which secretes the annulated cuticle, 
and of a number of large muscle fibres, which are placed 
longitudinally and cling to tho inner side of the epider- 
mis. The epidermis is remarkable, as in all Nematodes, 
because cell outlines can neither he seen in it nor brought 
into view by any method of staining ; it consist^ simply 
of a thin layer of protoplasm in which nuclei are em- 
bedded. Tn Oxyurus the number of muscle* fibres is 
eight, each of which roaches from one end of the body 
to tlu? other; they are placed in adjacent pairs, one pair 
in each quadrant of tho body, and are host seen towards 
the anterior end of the worm. 

The Gnirratire Oryam . — The larger worms, Huch as 
are most suitable for examination, are all females. Tho 
generative organs lio looso in the body cavity, and nearly 
fill it. They consist of two elongated ovaries of equal 
length, which meet together fh an oviduct, just as 
the divergent limbs of the letter Y meet together in the 
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PLATE Vr. 

Tiim N km \tohf- (Oxyurus) ani> tiik Twkwohm ['IWnw antjinnta), 

• 

A. Tho Nematode Oxyurus fiom tin intestine of a cockroach, female 
1. mouth; *2. cxcrotmy poro ; ;|. generative pore; 1. iliiiih; 5 
pharynx; fi. gizzard (with teeth); 7. stomach; H. intestine; 0. mid 
of an ovary; 10. a segmenting ovum in tho oviduct.; 11. longi- 
tudinal muscle fibre x 30. 

H. Mature segment of Taenia naginata. 1. ovary; ‘2. yolk gland; 
3. shell gland; 1. uterus; 5. oxrirtnry duct, f». lateral nerve; 
7. vagina; 8. \as defeieus (from ttoiumci). 

(3. Taenia saginnta. 1. houd ; 2. a teiininal segmenL containing a 
complex uterus full of ripe eggs (copied from the “ Cambridge 
Natural History ”). 

1>. The six-hooked larva of a cos tod o. 

E. Early development of tho cysticercus. 

F. Later dovelopinent of tho same. 1. suckor ; 2. hooks. 

(1. Hand of Taenia naginata x 20. 

* Figs. D, E, and F are diagrams. 



100 AN INTRODUCTION TO BIOLOGY 

vertical stem of the let^r. The oviduct opens upon the 
ventral surface of the body, about halfway between mouth 
and anus. The ends of both ovaries should be sought 
for; they generally lie apart from one another. Each 
ovary ends in a pointed extremity, which is composed 
of undivided granular protoplasm, but further and 
further from the extremity the substance of the ovary 
becomes more and more clearly divided to form the eggs. r 
Near the oviduct the eggs appear fully developed and 
surrounded by an oval shell. Fertilization takes place 
within the body of the worm, probably before the forma- 
tion of the shell. Segmentation often commences while 
the eggs are still in the oviduct ; extrusion of the eggs 
may often be observed. The males are less than a 
quarter of the size of the females ; the testes are disposed 
much in the same way as the ovaries in the female. 

The thereto rif System , — This consists of two tubular 
channels which lie in the body wall, one on cither side. 
At the level of the stomach those tubes leave the body 
wall and come together iii the mediap plane; they open 
by a single short duct in the mid-ventral line. • The 
aperture is elongated, and is loss conspicuous than the 
opening of the oviduct. 

Nerrous System , — Tho nerves of Oxyurus are very 
difficult to see. In most Nematodes there ip a nerve 
ring, which encircles the oesophagus near the mouth. 
Six nerves ariso from this ring and pass to the hinder 
eud of the body lying in the body wall : one of these 
lies in the mid-dorsal lino, another in the mid-ventral 
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line;# the others lie, a pair on either side, in close con- 
nection with the exerotory ducts. 

Other Nematodes.— Many Nematodes aro parasitic in 
man. Species of Ascuris, Oxyurus, Tricliocephalus, 
Ancylostomum occur in the intestines of man. The 
dangerous parasite Trichina spiralis infests the iuuscIcb. 
Eilaria modiueusis, «the guiuea worm, is common in 
'some parts of India ; it occurs in the connective tissue, 
usually of the legs. Another species of Eilaria is associated 
with 
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THE iiOLLUSCA 

The Molluscs form an important division of tho animal 
kingdom. Most of them live in water/ but some are 
torrestrial. Their bodies are soft, and are usually pro- 
tected by a hard, calcareous shell, which is secreted by 
the animal. The organs of the body occur singly or in 
pairs; true segmentation does not occur in tho group, 
and repetition of like parts in series is unusual. Tho 
presenco of a mantle and of a foot are characteristic. 
The mantle is a soft curtain of tissue enclosing a mantle 
cavity, in which lie the organs of respiration, the gill, 
gills, or lung. The anus, kidneys, and generative ducts 

i 

usually open into the mantle cavity. The edge of the 
mantle is thickened and is closely attached to the growing 
rim of the shell, which is added to by tho secretive power 
of the colls of the mantle’s edge. Tho outer surface of 
the mantle is applied to the inner surface of tho shell. 
The foot is a tough mass of muscular tissue, which lies 
below the level of tho mouth und is lised in locomotion. 
There is a wcll-developeh heart lying in a space lined by 
epithelium, which is called the pericardium. The heart 
consists of a ventricle and one or two auricles. The 
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auricjes receive blood from the respiratory ami excretory 
organs, and pass it to the vontricle, from which it iH 
pumped to the tissues. In many Molluscs tho peri- 
cardium communicates with tho outer world by means 
of excretory tubes or liephridio, and the generative 
organs are developed from the epithelium of the peri- 
cardium, which is therefore considered to bo a coelom. 
The nervous system consists of gauglia linked by connec- 
tive fterves. There is always a pair of cerebral ganglia 
lying above tlje oesophagus, a pair of pedal ganglia in 
the foot, and others connected with the viscera. The two 
largest groups of the Molluscs are the Lamollibrancliia 
and the Gasteropoda. 

LameUihranchia.- These Molluscs are all aquatic ; 
they have no definite head, the gills are leaf-like in form, 
and uet-like in structure. Most of the Ijamellibranchs 
are bilaterally symmetrical, that is to say, the shells, 
mantle-flaps, gills, kidneys, auricles of the heart, ganglia, 
and nerve connectives occur in pairs, each member of 
which is similarly situated on •either sale of the median 
plang of the body. 

Gasteropoda . — Most of the Gasteropoda live in water, 
but those which belong to the order of Pulmonates live 
on land. They have a definite head provided with 
tentacles and eyes. The foot has a flat solo, upon which 
tfco animal creei*j. Rising from the upper surface of 
the foot is tho head, and belaud it the visceral mass 
and mantle, both of which tyro ^concealed within the 
shell. The Gasteropod Molluscs differ from nearly all 
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other animals in not being bilaterally symmetrical; .they 
cannot be divided by a median plane, so that one half 
resembles the other. The head and foot are symmetrical, 
but the shell and visceral mass are unsymmetrical. 
Another peculiar feature of their anatomy is that the 
anus opens in the same direction as the mouth ; in most 
animals it opens in the opposite direction. These 
peculiarities have been explained in the following way : 
Gasteropoda are the descendants of Molluscs whicH, like 
the Lamellibraiichs, yreve symmetrical, with mouth and 
anus opening in opposite directions. The nephridia, the 
auricles, the gills, and the visceral nerves were originally t 
in pairs, placed posteriorly and symmetrically on either 
side of the rectum. In the process of evolution the 
intestine underwent a displacement, so that the anus 
moved lirst to the right side of the animal and then to 
the front. The gills and kidneys kept their close rela- 
tion with* the rectum in spite of its displacement. In 
consequence, those organs which were originally on the 
right side of the rectum < must necessarily have passed 
over to the left side when the rectum moved to the {pout. 
Before the right gill and kidney were able to take up 
their new position on the left, they must have passed 
over the anterior part of the intestine ; the visceral nerves 
moved with them. We lind in many Gasteropoda that 
only one gill and one kidney are present, aid that the 
visceral nerve, which is associated with them, arises from 
the right pleural gan^gliqn and passes over the intestine 
to its destination, while the corresponding nerve of the 
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other, side passes obliquely below the intestine ; it is 
therefore supposed that the single gill of most Gastero- 
poda represents the right-hand one of a pair which wore 
placed posteriorly and symmetrically on either side of 
the rectum iu Molluscs which have long since become 
extinct. 

AuKSH-WATER MUSHEL (r» io maryimiU*) 

Fresh- watep mussels are common in the tanks of 
Bengal; they are found in au upright position half buried 
yi the mud. They occasionally move slowly by meatis 
of the foot, which can he protruded between the shells. 
They obtain food by struiuing small organisms from the 
water by means of their liot-liko gills. The sexes are 
separate, hpt they do not come together; fertilization is 
effected through the water. The young are hatched and 
reared up to a certain Etago between the layers of the 
mother’s gills. 

External •Appearance.- Nothing can be seen ex- 
ternally except the hard shell, which is oval iu shape and 
consists jof two similar halves, or valves, united by a dorsal 
hinge. One end of tho shell is more rounded than the 
other, and is called anterior, for the mouth is directed 
towards it £ the pointed end is posterior, for the rectum is 
turned that way. • On either side of the hinge is a 
raised p oi nt called a n um bo, ^liicli is opposite to its 
fellow. These points are tho oklesl parts of tho shells 
which protected the mussel when it was very small. 
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The growth of the s v ell takes place at the margin. 
Many curving lines can be seen on the shell parallel 
with the margin, and converging towards the umbo of 
the same side : these are the lines of growth ; they are 
caused by temporary cessation in the growth of the 
shell at successive periods in the life of the muBsel. 

Internal Anatomy. — Molluscs ^should be killed by 
keeping them overnight in a weak solution of chloraf 
hydrate ; if treated in this way they die in a relaxed state. 
When the animal is dead the valves of* the shell gape 
open slightly. The anterior adductor muscle, which 
stretches between the valves and keeps them closed, if. 
very near the margin of the rounded end; it must be 
separated from the shell on one side by pushing the 
handle of a scalpel between the mantle and the shell. 
The mantle is the soft layer which adheres to the inner 
side of t^e shells. The posterior add uc tor. 
is^ near the posterior end, should be treated in the same 
way; the valves will then gape widely owing to the 
elasticity of the hinge. 'Break off one v&lve after sepa- 
rating the mantle from it, and leave the animal «in the 
other. Pass a pin through the ligament of the hinge, 
and fix it in a dish, beneath water. Examine the inner 
surface of the detached valve : it is pearly ; there are two 
oval marks upon it where the adductor mijscles were 
attached. Two straight lines embiace each of these 
marks, and converge jfcnvards the umbo; they are the 
boundaries of the path along which the muscles moved 
as the animal grew. Before it was detached the mantle 
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was in contact with the pearly surface 1 of the shell, and 
the margin of the mantle was firmly adherent to the 
margin of the shell. The cells of the mantle secrete 
particles of chalk within their substance, and add them 
to the shell ; in this way the shell grows. 1 freak off a 
piece of shell and examine the fracture ; there are three 
layers in it: a thin outer horny layer, a thick middle 
layer consisting of minute columns of calcium carbonate 
set close together, and an inner pearly layer. The two 
outer layers ail^ formed by the margin of the mantle; 
the pearly layer is formed subsequently by tho surface of 
the mantle. The pearly layer often contains raised pearl- 
like points ; these are caused by foreign bodies such 
as sand, which led to irritation and became enclosed 
within the pearly secretion of the mantle. Sometimes 
spherical pparls arc found wholly embedded in the soft 
tissue : these are due to parasites which havo^ become 
coated with the pearly secretion. Such pearls are rare ; 
they are occasionally of value. Valuable poarls aro more 
often the products of oysters, wflich live? in the sea 

Description of Soft. Darts . — When tho animal is living 
and undisturbed the edges of the shell are Hlightly apart, 
but the odgqs of the mantle-Haps are in contact. The 
mantle c^yity is entirely closed iu this manner, except 
at the po^erior end, where the mantle edges lose touch 
to fggm a gap whicl/ allows the entrance and exit of water. 
The posterior ends of the gills art united with the margin 
of the m antle^and divide .this 'gap into an upper^end 
lower aperture. Tl^e upper one is called the exhalen t 
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aperture. The l ower larger of th e apertures ig r 
fringed witk.BhQEl_te ntacles^ which spring from the 
mantle’s edge; i t is called the inhalent aperture, because 
a current of water passes through it into the mantle 
cavity. The gills lie in the mantle cavity ; the current 
of water passes through Their" meiKes and along certain 
channels which lie above^ the gills and are continuous 
posteriorly with tho cloaca. The cloaca is a ch ambe r 
which. Jies- below an d behind the posterior . acfductor 
muscle; it receives the anal, contents «as well as the 

" e - — " 4 ' " ' i5""' * ~~ 

generative and excretory products, which fin d their way 
intojt dong the suprabranchial channels. The curreqji 
of water finally Jeaves the cloaca through the exhalent 
aperture The water is caused to move in this direction 
by cilia, which fringe the meshes of the gill. 

Cut off the mantle, and observe the line of its attach- 
ment. 

r 

The Mantle Cavity . — After removal of the mantle a 
large cavity is exposed which contains t he visceral mass^ 
the foot, th ff gills n,Tiri t hd labial p al ps . Tire mouthppons 
intCL-this. cayity J)ehind the anterior adductoi; muscle, 
between it and, theJout* The^ labjal pal ps are a pair of 
triangular flaps attached to the viscera]. ..mass behind 
the mouth, and just below the attachment of th$. 
mantlej, the palps of either side are continuous wit h one 
another anteriorly— the outer palpfe * are continuous, in 
front of the mouth, the^nner palps are continuous behin< 
it. Grains of foocf material call sometimes be Beei 
between the palps; they move forwards owing to thi 
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action»of cilia, and pass ■ sideways into the mouth. The 
gills are a p air of flat orga ns which are striped ver- 
ticall y. They are attached behind to tho posterior 
ma rgin of the mantle; in front they lie in a pocket of 
the mantle, which is formed by a siuldeu downward 
curve of its line of attachment. Each gill consists of 
two layers or lamellae, an outer and an inner, which 
Inay be separated from one another with ease. In 
order to see how the gills are fixed, they should be cut 
off with scissors close to their attachments. The attacli- 
ment of each lamella should be examined separately ; they 
Vo disposed as follows : — 


Outer gill 


Outer him cl la. 
Inner lamella 


Inner gill 


[ Outer lamella 
V Inner lamella. 


To the mantle in its whole length. 

1 These arc* attached together to the 
under side of the kidney in its whole 
length. The kidney does not extend 
further than the posterior, adductor 
muscle ; behind this muscle the two 
lamellae are joined together in a free 
margin j whieli is curved, and limy 
bo called the lateral conjoined 
margin. 

Ih attached in front to tho visceral 
portion of the foot ; behind the foot 
it is united with its fellow of tho 
opposite side in a free margin, which 
may bo called the median conjoined 
margin. 


The .three conjoined margins ,of the gills, two lateral 
aud one median, lie in the lloor ol the cloaca. In the 
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closely allied genus Anodon, the inner lamella pi the 
inner gill is attached to the visceral portion of the foot 
for a short distance only. 

The excretory and generative apertures must now 
be looked for; they lie close together, far forwards 
between the attachments of the lamellae of the ihner 
gill. The aperture of the kidney has a white margin, 
and ip therefore easy to see ; it Ivsb above and behind 
the generative aperture. A lamella of one of the gills 
should be examined under the microscopy. 

Alimentary System . — The mouth leads into a short 
oesophagus which lies close behind the anterior adductor 
muscle and opeuB into a large irregular cavity, or 
stomach, which lies embedded in the soft, brown 
substance of the liver. The inner surface of the 
stomach receives the mouths of several tubular crypts, 
which are excavated in the liver and convey the hepatic 
secretion into the stomach. There is a tongue-liko 
protuberance in . the floor of the stomach ; behind it 
is the opening of tho ‘intestine, which, scarcely differs 
in> appearance from the openings of the crypt% The 
intestine passes downwards in a posterior direction 
through the visceral mass ; it turns upwards and 
downwards twice before finally leaving the visceral 
mass and becoming the rectum. The, last pa rt of the 
integtine. lies parallel with and clqse behind the {irst 
part, and contains a ridge, or tvnhlosole : it comes in. 
contact with the liVer. and passes suddenly in a pos- 
terior direction through the pericardium, in which it is 
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embraced by the ventricle of the heart. After leaving the 
pericardium it passes dorsal to the posterior adductor 
muscle, and opens into the cloacal chambor. The anal 
aperture is kept closed by two side flaps. 

Nerroua System . — There aro three pairs of ganglia 
named respectively Cerebral, Pedal and Visceral, which 
are united by nerves. • The ganglia can bo found easily 
by searching in the right places. The two cniiilimL 
ganglia are plac ed widely apart. To find the cerebral 
ganglion of on&side. grasp botlp labial palps with forceps 
just behind the spot where tfiuy separate at the angle of 
tjjie .mouthj cut them from their attachment at this spot. 
The ganglion will be disclosed, lying in a small sinus of 
t he connective tissue ; it gives off three principal nerves, 
one in front of the mouth to join its fellow of the opposite 
side, one [posteriorly and downwards to join the pedal 
ganglion, the third posteriorly and upwards towards the 
visceral ganglion., ‘ The pedal ganglia lie together in 
the generative organ close to the muscular, part nf the 
foot. To see them, remove thb animal from its shell 
and & it upon its back with the foot uppermost ; split 
the foot exactly in the middle lino until the muscular 
substance is completely divided, carry the division a 
very little further into the substance of the generative 
organ; the pedal ganglia will then be exposed.' Thoy 
lie together near the junction of the anterior and middle 
thirds of the length of the foot; they ajre orange m 
colour, and give i, pjf .nix lateral .branches, the foremost 
of which are the cerebro-pedal connectives, and join 
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the c erebral ganglia. ' T he visceral ganglia lie together 
beneath the posterior addnctor muscle ; in order to see 
them, remove the mucous membrane which covers the 
lower side of the muscle. These ganglia are elongate d 
bodie s, and are larger than either of the others; from 
their anterior end they each give off two large nerves, 
one of which iq the cere^ro-viseeral connective, and 
pass es straight forwards through the substance of thd 
kidney to join the cerebral ganglion; the other enters 
the lateral conjoined margin of the gills, which is 

i , 

suspended from the under side of the adductor muscle, 
and is reflected in a posterior direction. , 

I [fin t ami Pcncaiditim. — The pericardium lieB close 
to the hinge of the s hell : it is a_ cavit y i n which the 
heartland rectum lie. A cut mode in the soft tissues 
close below the hinge will lay it open. The pericardium 
is lined by epithelium, and is in communication with 
the outer world through the nephridial tubes. In order 
to see the pericardial openings of the nephridia, cut 
through the rectum ulterior to the heart, and pull 
thb cut ends forward. Two openings will b« seen 
at the anterior end of the pericardium; they lie 
beneath the rectum at the spot where it enters the 
cavity. The rectum passes through the pericardium 
from end to end, and iB embraced by the ventricle of 
the heart. The ventricle is ovoid in shape, and of a 
brown colour. The two auricles which join it, one on • 
either Bide, have transparent membranous walls, and 
are triangular in shape; the apes of the triangle is 
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joined , to the ventricle. a nd the^ base i s directed gut- 
wards* towards the attachments of the gills. The 
fc auricles receive blood directly from the g ills ; their 
close relation to tho gill attachments should bo noticed. 
Blood passes from the auricles into tlio ventriolo; it i s 
prevented from returning by means of^yalves. .. 'Hie veins 
and the course of circulation in tho closely allied 
£cuus Auodon have been descnlbed in the following words: 

“ The Veins, except the largest ones, cannot be dissected 
without injecting them, and even then they uro diJlicult 
to follow. They may, however, be identified in sections 
of hardened specimens. The^ vena cava is a me di an 
longitudinal, ^vessel lying beneath tho Jloor oLlhe 
pericardium ; it receives, in front, large veius returning 
blood from tho foot and visceral mass, and behind, 
much smaller vessels from the posterior part of the 
body. The afferent branchial veins are a pair of large 
vessels running along the lines of attachment of the 
outer and inner gills to eagh other. Vessels arise from 
them which qprry blood to the gills. 'Che efferent 
branch ial veins run along the bases of the (mter. 
lamellae of the outer gills ; they return to the auricles 
t he blood from the gills, and also receiv e at the ir 
anterior and posterior ends large ^vesseh _ returning 
aerated blood from the mantle-Jobes,. The ventricle 
receives arterial bipod from the auricles, and drives it 
through the arteries all over tht^hody. The blood from 
the foot and viscera is returned, to the vena cavu, from 
which it passes through the kidneys to the gills. From 
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| the gills it is returned by the efferent branchial .veins 
• to the auricles. The blood from the mantle-lobes is 
i returned direct to the auricles, and does not pass 
’through either the kidneys or the gills. The circulation 
is in great part carried on through irregular channels, or 
lacunae ” (Marshall and Hurst’s “ Practical Zoology ” 
(Smith Elder & Co.)). „ 

o 

The Excretory Organs . — These consist of a_pair ofc 
nep hrid ia, or excretory tubes, each of which i^ open 
at both ends. They are brownish-black ,in colour, and 
lie side by side between the pericardium and the visceral 
portion of the fool. Their posterior ends touch the 
posterior adductor muscle. The internal and external 
openings of the nephridia have already been examined ; 
the former is in tho pericardium, the latter is between 
the attachments of the inner gill. Each nephridium 
consists of two parts, the kidney proper and the ureter, 
both of which are tubular. The kidney lies below the 
ureter, and extends from the pericardial opening to 
the posterior adductor muscle. The urete r lies above 
the kidney, a nd is continuous with it behind; it opens 
in front by the external aperture which has been seen. 
In other wordB, the kidney and ureter together form a 
single tube which is bent once upon itself, jl’he wall 
of the kidney is black and shreddy, but that of the 
ureter is Bmooth. The ureters are connected by a wide 
duct which crosses the median plane. 
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THE POND SNAIL (Ampullumi ijlolnmt) 

This Mollusc is common in the poiuls of Hougal. It 
is most active at the commencement of the mins, when it 
breeds. The female is nearly twice the size of tho male ; 
in tho month of July they are found in pairs, dose to 
the water’s edge. After separation the female crawls 
^>ut of the water, and deposits a mass of about fifty eggs 
on the banks of the pond. The eggs contain a large 
quantity of colourless albumen, and are surrounded by a 
fragile white shell. The ovum is a minute speck Heating 
yi the albumen. In about three weeks it dovolops into a 
young snail, which leaves the shell in the adult form. 
Observation of the living creature should be made wliilo 
it is in a glass vessel ; if the snail be left undisturbed, it 
ma>; be seyn to glide over the glass upon an oval grey 
surface, which is the sole of the foot. The lycad and 
visceral nia^s rise from tho upper surface of the foot. 
The head bears a pair of eyes ami two pairs of tentacles : 
the foremost, cephalic tentacles are prolongations oi 
the ccjffners of the head ; below them, in the middle line, 
is tho opening of the mouth. Jietiiiul the cephalic 
tentacles are the true tentacles, which may bo two 
inches in length in the extended condition ; close behind 
tho tentacles are tho eyes, which are borne upon short 
stalks. If the anixflal be taken from the water, it forth- 
with draws the whole of the foot thtq the shell and closes 
the opening by means of the operculum, an oval calcar- 
eous plate which is attached to the upper 'Surface of the 
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fool behind the viscerr ' mass. Behind the left eye is a 

deep cavernous hollow, which is bounded below by a 

fleshy shelf called the left syphon, and above by tho 

border of the mantle, which is in close contact with the 

margin of the shell. Kxcepl on the left side, the border 

of tho mantle is in contact with the region behind the 

head, which is called the ,ueck. 15y the contact of the 

mantle’s edge with the neck the mantle cavity is closed* 

from the outer world. The mantle cavity is open on the 

left side to allow air to pa*js iuto the lun£ ; the opening 

of tho lung is ofton visible within the mantle cavity. 

Hanging from the under surface of the mantle, in front 

of the oponing of the lung, is the osphradium, a structure 

which somewhat resembles a comb, and is believed to be 

an organ of taste. When the animal is undisturbed the left 

syphon may be furled into a tube, an inch in length. 

Ainpullaria differs from other, (iusteropods in having 

alternative methods of respiration. It has both a lung 

and a gill, either of which may be brought into use 
■ a ^ 

according to circumsumcos. When tile snail is in 
shallow water, or comes on to the laud to lay it& eggs, 
it breathes air with the lung ; but, on the other hand, it 
may remain in the depths of the pond, and never come 
to tho surface for air ; in this case the aperture of the 
left syphon is kept closed, and a similar aperture appears 
on the right side botween the ncclf and mantle. This 
aperture is boundod^ylEt right syphon, which is similar to 1 
the left one but less prominent. Water passes through 
this aperture, and gives up its dissolved oxygen to the 
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gill-* The student must romemhor that the vast majority 
of Molluscs have one or other method of respiration, not 
both. Ampullaria is quite exceptional in its alternative 
respiration. It is convenient as a type because it is of 
large size and is easily obtained. 

Disskotion. Before being dissected the snails should 
be kept overnight in* a weak solution of chloral hydrate. 
The shell should be snipped off with strong scissors, and 
the operculum separated from the foot. The animal should 
be pinned down \ i.der water upon its foot. The success 
of the dissection much depends on the direction of the first 
, cut, which should be made in tlu 1 . following way : find the 
lower end of the gill beneath the edge of the mantle, and 
cut through the mantle along the left side of the gill in 
its whole length. On turning the Haps outwards, the 
entire miyitle cavity will he exposed. On the floor of the 
mantle cavity is a prominent dividing ridge which ends 
in trout by joining the right syphon. On the left of the 
ridge is the lung and ospliradium ; on the right is the 
gill, the rectum, and gene rati vt* duct, and a small part of 
the kidney. 

V Coittnil* uf Ihr Maiitlr Canty. The gill is attached 
to the mantle, and extends from beneath its edge on the 
right to the posterior corner of the mantle cavity. It 
consists ,of a single series of lamellae attached to an 
axis which contaiifs a blood-vessel. The rectum is a tube 
lying in the floor of the mantlcf Cavity ; it opens in front 
within the right syphon al aperture ; the anal opening is 
surrounded by eigl^t small papillae. On the left side of 
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the rectum, between it and the dividing ridge, ia. the 

generative duct. In the female this is as thick as a 

man’s little linger; it opens hy a small slit upon a 

papilla which lies close to the anus. Tho kidney can he 

recognized hy its reddish-brown colour. A small part of 

it projects into tho hinder part of the mantle cavity, 

buL tho greater part of the organ is in tho visceral mass 

posterior to the mantle cavity. The kidney must he ' 

« 

examined carefully in order to find its aperture. 
There is a small crypt below that part of the kidney 
which lies in the mantle cavity; the slit-like aperture of 
the kidney lies in this crypt. In order to see it properly c 
the kidney must he detached along one side and turned 
over; it can easily he demonstrated by injecting carmine 
into the cavity of the organ with a hypodermic syringe. 

The lung is a large bag with spongy walls attached 
to the mantle ; it has a large oval opening, which looks 
towards the left syphonal aperture. The ospliradium is 
attached to the mantle in from, of the pulmonary opening ; 
it is pectinate or comb-like in appearance. • 

Tho Heart and l'erica odium . — The posterior end of the 

gill is directed towards the heart, which can be dimly 

seen through the roof of the pericardium. The heart 

consists of one auricle and a ventricle. The auricle is a 
* 

thin-walled sac which lies to the right of the ventricle and 
receives veins from the gill and kidney \ it opens into the 
ventricle. The ventricle 1 lias thick muscular walls ; the 
opening between it and the auricle is guarded by a pair of 
valves, which are like the side Dockets of a man’s coat. 
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and prevent the blood returning from the ventricle to the 
auricle, II coloured thud ho injected into the cavity of 
theventriclo it will not pass into the auricle. On the left 
the ventricle gives out the aorta, which bifurcates at once. 
One division passes backwards to the visceral mass. The 
other dilates into a large ampulla, which is about half the 
size of the ventricle 9 from this division various arteries 
are given off to the head and foot. The walls of the 
aortic ampulla are peculiar in appearance ; they contain 

white patches *of what is probably lymphoid tissue. If 

• 

the ampulla be injected the lluid will not pass into the 
ventricle. Few Molluscs possess this curious orga. 11 . 
The pericardium is a closed sac lined by epithelium ; it 
does not communicate with the nephridium in Ampul- 
laria. 

Thr NyflirnHinii. This is a brownish organ of trian- 
gular shape, the larger part of which lies superficially in 
the visceral mass, posh riov to and to the right of the 
pericardium. Tho anterior end and the aperture of the 
organ are in 4he mantle eavify, whom they have been 
examined. 

Dissection. Divide the skin wi.'h scissors in the 
middle line of the head, and continue to cut backwards 
along tho neck and lloor of the mantle cavity, being 
careful tg preserve*, tho supraiutestiual nerve, which 
crosses over the oesophagus in the neck. 

77/e Alintnifartf Si/xtrm. The mouth leads into the 

# 

buccal mass, which contains air apparatus for grinding 
the food. Mastication is nor formed hv the. mandibles 
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and the radula. To • ie theso structures the roof of 
the buccal cavity must be opened in the middle line. 
The mandibles are a pair of chitinous plates lying in the 
side walls ; the radula, which is covered with teeth like a 
file, is exposed in the middle of the floor of the cavity. 
The radula is continuous on either side with an oval 
plate of smooth cliitin, whiyli is in contact with the jaw 
of the same side. The buccal mass lies symmetrically* 
in the median plane, but the oesophagus passes obliquely 
to the left of that plane. The salivary glands are two 
small round bodies which lie one on either side of the 
oesophagus near its commencement; each opens by a 
short duct into the roof of the buccal cavity. The 
oesophagus passes posteriorly towards the visceral mass, 
where it opens into the stomach. It must not bo dis- 
turbed at this stage of the dissection, lest two. important 
nerves, which lie above it, should be broken. The 
stomach lies superficially in the lower and left sido of 
the visceral mass ; it can easily be recognized by its rosy 
colour. It should not be disturbed until the intestine 
had been examined. 

The upper surface of the visceral mass, which lies 
behind the pericardium and kidney, is of a yellowish- 
brown colour ; if a cut bo made in this surface, it will 
bo seen that there is a large cavity beneath it, in which 
lies a coil of the intestine and the 1 generative organ. 
'Phis cavity, which may be referred to as the visceral 
cavity, must now bo laid open; its upper wall is thick, 
and has a shreddy, glandular appearance, somowhat like 
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the interior of the kidney. The organs which lie within 
the visceral cavity are smooth, as though covered hy 
epithelium. The visceral cavity is not a coelom ; until 
the method of its development is known, wo cannot ho 
sure as to its naturo. It can bo shown by injection Unit 
this cavity does not communicate with any organ, or with 
the exterior. 

The coil of intestine which lies in the visceral cavity 
should be unravelled; it is continuous on the one hand 
with the recitfhi, .aid on the other with the antorior 
aspect of the stomach. The oesophagus and intestine 
•ntor and leave the stomach side by side. When thiH 
fact has been observed, the stomach should be opened. 
The interior of the organ is complicated by the folding of 
its walls; the epithelium, which lines the greater part of 
it, ip of a. rosy colour, as though it has been stained 
lightly with carmine. 

The liver is in two parts, or lobes. The right lobe is 
much larger than tho left, and forms a considerable part 
of the viscera? mass, including the apex of the spire. 
The broadest part of it is applied to the stomach. The 
left lobe* of the liver lies in the visceral cavity; it is 
much smaller than the right lobe, and is also in contact 
with the stomach. The substance of the liver is soft 
and friable; it may be light yellow or greenish -black ; 
it <8 traversed by* a ramifying system of white tubes, 
* which convey the secretion to thli stomach. These ducts 
open into tho stomach by several apertures. 

The dm endin' (tyyanH-- The sexes are separate; the 
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females are about twic 1 the size of the males. In the 
mature female there is a small ovary and a large albu- 
men gland, both of which lie in tho visceral cavity. The 
albumen gland is a rounded body, resombling in colour 
the yolk of an egg ; it may bo nearly an inch in diameter. 
The ovary is a small rugose organ about the size of a 
pea, which projects from f the left* side of the albumen 
gland. The oviduct and its aperture have already been 
examined in the mantle cavity. In the male tho testes 
somewhat resemble the ovary in outwavd appearance; 
there is no albumen gland, and the generative duct is 
much narrower. Both male and female are provided 
with a copulatory organ, which is alike in form in 
both sexes, but not in size : in the male it is much larger 
than in the female. This organ is situated upon the edge 
of tho mantle opposite the generative opening; it con- 
sists of q, curved and pointed flagellum, which is hidden 
within a deep groove or sheath. 

• f The A 'crroiix Sj/atem. — The nervous system should be 
traced with the help o’f the diagram. « The cerebral 
ganglia lie on either side of the buccal mass noftr the 
base of the tentacles, and arc connected by a strap-like 
nerve. They supply nerves to the tentacles and to the 
eyes, and also a small filament to the small buccal 
ganglia, which lie upon the upper surface of {ihe buccal 
mass in contact with the salivary* duct. After tho 
cerebral ganglia have, 'been examined, the oesophagus 
should bo cut through at the place where it is crossed 
by the supraintcstinal nerve ; the anterior end should 
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l>e mined mid turned forward over tlu> mouth, mid lived 
in that position with u pin. The podnl mid pleural 
ganglia of either side will then he displayed; although 
they are closely united, they can easily he distinguished 
from one another. Each ganglion is connected by a 
stout nerve with tho cerebral ganglion of the same side. 
The pedal ganglia aro connected across the median plane 
Ify a short, stout nerve. On the outer side of the pedal 
ganglia lie the otocysts ; one of them should be removed 
and examined undo* - the microscope. An oloeysl is a 
spherical vesicle, which is lull of oval calcareous hodie> 
Ci^lled otoliths. The supraiutestinal nerve, which has 
already been seen, is a connection between the right 
pleural ganglion and the supraiutestinal ganglion. The? 
pleural ganglia are connected by a slender suhintestinal 
nerve; in lnjiny ’Molluscs this nerve passes from the left 
pleural ganglion direct to the suhintestinal gapglion ; 
hut in Ampullaria it proceeds to and from the right 
pleural ganglion in its course to the suhintestinal 
ganglion, which is very small an (flies to the right ol the 
oesophagus. Both the pleural ganglia send oil’ a stout 
pallial nerye to the mantle, and the*, left g ingliou sends a 
nerve which at first lies with the left pallial nerve, hut 
soon leaves it to join the supraintestinal ganglion. The 
visceral ganglion lies beneath the skin of the mantle 
cavity close to the heart ; it sends nerves to the viscera, 
nnd is connected with the suhintestinal ganglion, and 
also with the supraiutestinal ganglion by another nerve, 
which lies above the oesophagus. 





riiATK VII. 

The L'ond Sn\il (Amimlluna i/Mumi). 

A. The animal resting upon the opcirulum, must of tin* shell having 
boon removed. 1. the mouth, 2. tin* tentacle, It. cephalic 
toulaclc ; 4. the aye; ft. a giouvo foimcd bv I lie folding; of 
tlio foot ; G. llio ili\ uliu<* ndgAuf the iiuiillocautv ; 7. genital 
papilla; 8. roe, turn, 1). eud of the gill , 10. ospliiadiiuii lying 
Mi fiont of tin 1 pulmonary aperture, 1 1, the perieaidium, 
12. kidney. MM. holder of mantle. 

Ji. The lloor of 9 tho mantle cavil j luh been divided, the heart 
removed, the visceral eavitj opened, and the viscera separated 
from one another. 1. cerebral ganglion , 2 buccal ganglion . 
3. salivary inland ; l. anus; , f >. dividing ridge ; (i oviduct, 

7. rectum; 8. albumen gland ; 'J. right lobe of liver, 10, L. 
lobe of liver; 11. ovaiy; 12. intestine; 111. oesophagus; II. 
ospliradium; 15. salivary duet; 1G hiieeal mass. 

0. Contents of mantle cavity and pericardium. 1. aoilic ampulla; 

2. ventricle , II. aurielu , I. kidney , 1'. poitiou of kidney lying 
in the mantle cavity; 5. "ill, G. dividing ridge, 7. amis, 

8. genital papilla, 2. leflsiphon: 10. maiginnf the pulmonary 
aperturo; 11. ospliradium; 12. interior of lung. # 

D. Tho heart removed anil cut open. 1. the auinlc; 2. ainiculo 

ventricular valves ; 3. the ventricle. 

E. Heart and pericardium. The auricle (1) has been cut throu; , l h, 

and the ventricle has been turned out of tho perieaidium and 
over to tho left ; 2. ventricle, 3. am tie ampulla. 

F. Otocyst X 20. 

G. Section of the retina of tho eye. 

II. Diagrammatic section of the oye. 

J. The norvous system. 1. coiebial ganglion, 2. pleural ganglion, 

3. pedal g.; 4. buccal g.; 0 . supraiutestinalg ; G. suhintesti- 
nalg.; 7. visceral g.; 8. otocyst; 2. supraintestiual norvn, 
10. subintestinal nerve; 11. light pall ini nerve. 
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THE LAND SNAIL (Arhalina fiilica) 

It is believed that this snail, which is common through- 
out Lower Bengal, has been recently introduced into India 
from abroad. In some ways the land snail and pond snail 
are alike ; only those features in which they differ from 

i 

one another will be described. 

There is no operculum, but the animal can withdraw 
into its shell and close the mouth of it with a film of dry 
mucus. The eyes are placed at the ends of the long 
tentacles, and can only be seen when they aro fully 
protruded. The edge of the mantle is not free as in the 
pond snail, but is fused with the neck. The mantle 
cavity is completely closed except on the right side, 
where the pulmonary aperture is situated, On the 
right side of thu neck, a short distance behind and below 
the right tentacle, is the generative opening. 

Dissection. — The mantle cavity must be opened 
carefully. A cut slxfuld be made iwith scissors, 
commencing at the pulmonary aperture and directed 
forwards so as to separate the mantle from the neck. 
The opening of the rectum, which lies near the pul- 
monary aperture, should now be sought for; a second 
cut in the mantle must be made in an upward direction 
from the pulmonary opening alongside the rectum. 
The mantle can now lira turned over to the left as a 
flap, so that the mantle cavity is fully exposed. 

The. Liukj. — The inner surface of the mantle is spongy, 
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and covered with a network of large hloul-vossels ; it 
functions as a lung. 

The. Kuhu 7/.— This is a brown gland which is situated 
in the roof of the mantle cavity ; it consists ol two lobes, 
a largo and a small, placed at right angles to one another. 
The ureter lies along the posterior margin of the organ, 
and leaves it at the appx of the lesser lobe. After leaving 
the kidney the ureter lies alongside the rectum and opens 
close t<J the pulmonary aperture. 

The Heart ynd Pericardium . Between the anterior 
border of the kidney and tlie pulmonary surface is a 
large blood-vessel which receives many branches from 
those organs. This vessel, which is very wide and con- 
spicuous, enters the auricle of the heart. The heart lies in 
the pericardium; it consists ol an auricle and a ventricle, 
just as in the poud snail, hut there is no aortic ampulla. 
The aorta leaves the right end of the ventricle, and after 
giving off a large branch to the visceral mass, passos to- 
wards the head: it can bo seen externally as a ridge lying 
in the floor of the mantle cavity between two elevations, 
which # are caused by the projection of the crop and the 
common generative duct. The aorta passes towards the 
head..and. enters a canal between the pleural and pedal 
ganglia ; this will be seen at a later stage in the dissection. 
The skin of the head must be divided in the middle line, 
and the division mu$ be continued along the neck through 
.the thick adherent edge of the igantle and finally along 
the floor of the mantle cavity. Thia dissection will expose 
all the important organs not yet examined. 
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Alimentary System . — The jaw consists of a hard f semi- 
calcareous body, shaped like a horses hoe, which is 
attached to the roof and side walls of the bnccal cavity 
close to the mouth. The rough surface of the jaw can 
be seen through the mouth without dissection. T here in. 
a radula in the floor of the buccal cavity; its tQ pthare 
very numerous, and are of one sljape. Food is grasped 
between the surface of the radula and the jaw. .On the 
upper surface of the oesophagu s immediatel y behind the 
buccal mass are the cerebral ganglia. Nerves pa s s from 
the cerebral ganglia to the tentacles, which are often 
inverted; these nerves must be distinguished from the 
retractile muscles of the tentacles, which meet together 
in a band lying across the oesophagus. Further back the 
oesophagus is dilated to form a crop , which is usually 
distended with brown fluid. Lying on either side of the 
crop are the lobulated salivary glands. The salivary 
ducts pass between the nerve ring and the oesophagus, 
and open into the buccal cavity. The crop becomes 
narrow behind, and opefls into a large spherical stomach , 
which lies embedded in the liver. The secretiomof the 
liver opens into the stomach by two bile ducts. The 
intestine leaves the stomach close to the spot where 
the oesophagus enters it, and after becoming twisted 
in the liver, passes into the mantle cavity, where it is 
usually referred to as the rectum. 

The ( }e iterative Oiyan *. — These organs are quite • 
different from those of the pond snail, for the land 
snail is hermaphrodite. The ova and spermatozoa are 



THE MOLLUSC A 


12 » 

formal together in the . hermaphrodite gland, u small 
white organ which is embedded superficially in the spiral 
lobe of the liver. The hermaphrodite gland can easily 
bo recognized by its duct. The hennajdirodito duct isji 
narrow contorted tube, which opens into a. much larger 
tubular organ called the common, duct. The co mmon 
duct co ntain s two passages side by side; tho one which 
"is mu ch lohulated convoys the spermatozoa, the other 
conveys the ova. At the junction of the hormnphrodite 
and common dueif, a large greenish-white organ called 
the albumen gland is attached. The common duct 
.becomes divided anteriorly into two separate ducts, a vaH 
deferens , and an oviduct, which meet again at JJie 
common generative aperture. The vas deferens ends in 
a protrusiblo organ called the penis^tyhich^can bo 
retracted by a muscle; tho muscle of the penis is 
inserted into the wall of the vas deferens, which is bent 
into a loop when the organ iH withdrawn. The penis 
and oviduct ('pen Logothor in the external generative 
aperture. Tho, termination of the oviduct is somewhat 
enlarged, owing to the thickening of its walls. Close 
behind this thickening the oviduct receives a tul)0. " which 
lies side by side with it and ends blindly JuuiJSigall 
dilatation known as the spermatheca. 

The Nemm* Si/nteni. -The cerebral ganglia should 
be separated from one another by cutting the connective 
which unites them ; the oesopliagus can then be raised 
and removed to one side. The f pleural and pedal 
ganglia, which were hidden by the oesophagus, will 
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PLATE VIII. 

The Moi.r.uscs Achatina anu Unio. 

A— £1. The Land Snail (.4r/iftf im» fit hen). E -11. The Pond 
Mussel ( Umo nutrijimlis). 

A. 1. auricle of heart ; 2. ventricle ; 3. external generative aperture ; 

4. pulmonary aperturo; ft. ureter; 0. rectum; 7. herma- 
phrodite gland ; 8. stomach ; l). albumen gland ; 10. kidney ; 
11. efferent pulmonary blood-vossol ; 12. pulmonary plexus. 

B. 1. oviduct ; 2. penis* 8. spcrmathccii ; 4 and 5. common genera- 

tive duct : 6. albumen gland ; 7. hermaphrodite duct ; H- 
hermaphrodite gland ; 9. stomach ; 10. left lobe of liver ; 
11. rectum; 12. salivary gland ; 13. crop; 14. oorobral ganglia; 
16. buccg) mc u s. 

CJ. Tooth of radula x 50. • 

P. The central nervous system, displayed in the following maimer : 
the two cerebral ganglia hu\o been widely so pa rated from one 
another, their connective having been cut. The oesophagus 
has lwen cut through and pulled forwards so that the under- 
side of tho buccal mass is uppermost. 1. oesophagus; 2. 
radula .iac ; 3. salivary duet; 1 lmccal ganglion; ft. left 
cerebral ganglion ; fi. pleural ganglia; 7. right pedal ganglion ; 
8. labial ncncs ; 9. n portion of Lho cephalic hlood-vessol. 

]j. Media* section through buccal mass. 1. buccal ganglion; 2. 

salivarj duct; 3. opening of tho sftmo; 4. radula; 5. tho jaw. 
P. The mussel removod from tho sholl and fixed wifli the foot 
uppermost and disstetod to display tho norvous system. 1. 
cerebral ganglion ; 2. anterior adductor muscle ; 3. month ; 
4. labial palps. 

O. Anterior linjf of the mussel lying hi the right, \alvo of the sholl. 
Tho dotted lino indicates the line of attachment of the left 
mantle flap, which has boon removed. 1. anterior adductor 
musclo ; 2. tho mouth ; 8. the labial .mips ; 4. foot. 

H. The mussol lying in the loft vaho. Mantle and gills of tho right 
side have been removed. Organs represented diugrainmaticaUy. 
1. mouth ; 2. roctum ; 8. excretory pore ; 4. generative aper- 
ture; 6. ronoporicardial opening; 7. auricle of tho heart; 
8. # ventricle; 9. posterior adductor musclo; 10. anterior 
adductor musclo ; 11. latoral conjoined gill margin ; 12. 
median conjoined gill margin ; 13. cloaca ; 14. tentacles 
fringing inhalont aporture ; • 16. stomach; Ifi. liver; 17. 
pedal ganglion ; 18. generative orjjhn ; 19. visceral ganglion ; 
20. typhlosolo; 21. communication lietwcou kidney and 
ureter ; 22. anterior ends of gill attachments. 
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now be seen lying close together. Each ganglion isrcon- 
nected with the cerebral ganglion of the same side. The 
pleural and pedal ganglia are separated from one another 
by the passage of the main artery of tho head. If the 
fine point of a knife be thrust into this passage, it will 
cut aHunder the pedal and pleural ganglion of the side to 
which the edgo of the knife is directed, so that the 
separate connections of these ganglia with the cerebral" 
ganglion is mado evident. The pleural and p eda l g kn g lia 
send ._nerves to the yisgpra and foo t respectively. The 
pedal ganglia should be removed and examined in 
glycerine under the microscope ; the otocysts lie em.- 
bodded one in each ganglion. These structures are 
relatively much smaller thau in the pond snails. 

. While examining the pedal nerves the student will 
notice a conspicuous tubular organ which li es oml>e dded 
in tho suhslnnce of the foot. This is n mucous gltind 
which o|tons by a pore in the autauor end of the foofu_ 


CityTTKlt VI 


A UT! IKOI’ODA — ( '111 1ST AC KA — A It A( 'I I N 1 1) A 

The Arthropojja comprise the largest group in t-lio animal 
kingdom. Animals such as insects, spiders, and prawns, 
which arc covered outwardly with chitinous armour and 
possess jointed limbs, belong to this group. 

The following peculiarities of structure are common 
to all Arthropods. Thu cells composing the skin secrete 
chitin and deposit it, so that it forms a uniform hard 
layer covering every outward part of the animal. The 
larger part of the alimentary canal is lined by a similar 
layer. Chitin is a lifeless material ; it cannot grow, or 
stretch more than a little. Bemuse of this it is necessary 
that jhe chitinous covering should he cast oil from time 
to time to allow the animal to increase in size.' After 
casting oil its coat the animal grows rapidly, as the new 
chitin which is already formed beneath the old is soft 
and easily stretched. In many of the Crustacea lime 
salts are deposited in the shell and render it hard and 
brittle. All Arthropods are outwardly segmented; in 
this respect, and in the form of the' nervous system, they 
resemble the Annelids. Between each segment the 
chitinous, covering !s thin uud supple,* and is folded 
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inwards. By this dev* 36, movement between the* seg- 
ments is permitted, though the soft inner parts are 
protected. In many Arthropods there are two thick 
chitinouB plates on each segment — one on the dorsal 
surface called the Tergu’m, and the other on the ventral 
surface called the Sternum. Some or all of the segments 
are provided with elongated jointfid outgrowths which 
are called appendages ; these do different work, aqd are 
shaped in accordance with the requirements of that 
work : some are for wulkiijg, others for swimming, for 
catching prey, and for mastication. Thej)airs__of_appen- 
dages are arranged one on either side of the median line 
of the ventral surface. A segment never possesses 
more than one pair of appendages. Sometimes a 
detached portion of the body, which shows no outward 
sign of segmentation, bears several pairs of appendages ; 
such a portion is considered to be an aggregate of 
several segments which have become united. Segments 
which are separate in the embyro often become fused 
together as the animal grows. The nervous system is 
essentially like that of an Annelid. The excretory and 
respiratory systems are different among the several 
groups. The vascular systom is poorly developed; 
there is a heart situated above the alimentary canal 
close to the dorsal surface. The wall of the heart is 
pierced by openings called ostia, through which blood 
enters from a pericardial space. Blood leaves the heart 
by several arteries which open irregularly into the body 
space ; the blood is therefore not wholly contained within 
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bloodvessels, but circulates freely between the various 
organs; it is ultimately collected into the pericardium 
and passes again into the heart. The principal groups 
of the Arthropods are the Crustacea, lnsecta, Aruchnida, 
and Myriapodu. 


CRUSTACEA 

Most of the Crustacea live in water, and obtain 
oxygen by meant* of gills. As regards their appen- 
dages, they differ from the other groups of the Arthro- 
pods. In every Crustacean there are two pairs of 
appendages, called the first and second antennae, which 
are placed on the head anterior to the mouth ; as regards 
the other appendages, there is a considerable variety 
of form >yid arrangement. In a group of fresh-water 
Crustacea called the Branch iopods, most of the bulbs are 
leaf like, and are useful both for swimming and for 
respiration, but the commonest type of appondago is the 
biramous type. A biramous 'appendage consists of a 
single basal portion, tbo protopodite, which bears an 
outer and an inner branch called n spcctively the oxo- 
podite and the endopodite. The two branches are often 
alik e, and serve to beat the water in swimming, hut the 
exopoditq is reduced or absent in those legs which aro 
used for walking,* so that the leg becomes uniramous, 
like that of an insect. In nearly all Crustacea, excopt 
those which possess leaf-like limbs, the appendages 
are biramous at the time of their first appearance in 
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the embryo. In thei* vascular system the Crustacea 
are like other Arthropods. The large forms have a well- 
developed heart and arteries, the small forms have a 
poorly developed blood system ; the heart may be long 
and tubular, as in the insects, or short and square. The 
excretory system consists of a pair of tubular glands 
situated in the anterior part °f the body, which open on 
the bases of a pair of appendages close in front ^of or' 
behind the mouth. The sexes are separate ; the genera- 
tive organs open on the bases of a pair cff limbs, some- 
where near the middle of the body. Most Crustacea 
possess a pair of compound eyes, which may be carried 
on stalks; many have also a single median eye when 
they aro very young. As an example of the Crustacea 
we shall examine one of the most highly organized types 
— tjie common prawn. 


THE FRESH-WATER PRAWN (Pakwmon) 

r 

Large prawns are common in rivers andtanks in many 
parts (ft India. There are many kinds of them Much 
differ from one another somewhat in their outward 
form, but not in their internal structure. They all 
posses s five pairs .of- -legs, of which the. first two .pairs 
end ip pincers ; the second pair of pincers is much the 
larger. On oither side of the head, cldse behind the base 
of the large antenna^ are two sharp spines which are 
directed forwards, one behind the other. Bfr these spines , 
and the character of the pincers, ,we can recognize a 
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Palafimon. Prawns belong to a large group of the 
Crustacea called the Docapoda, all of which [wssoss ten 
legs and a pair of stalked compound eyes. Little is 
known of the habits of prawns in India ; they seem to 
thrive well in foul, muddy water. One common kind, 
1 J . uunnust, may grow to over two feet in length, 
^including the claws. * The developing eggs may be found 
attacljpd to the abdominal appendages of the mother. 

K.vtrrnal Apprarancr.- -The body of a prawn consists 
of two parts — An anterior unjointed portion, the cephalo- 
thorax, and a posterior jointed abdomen which ends in a 
flapper-like tail. The stalked eyes protrude on either 
sido from two semicircular notches in the front margin 
of the ccplialothorax : they are freely movable ; when 
turned forwards and depressed they lit into two cup-like 
depressions in the bases of Lho first antennae.' A saw- 
like process called the rostrum projects forward* between 
the eyes. The cephalothorax consists of an aggregate of 
thirteen segments, five of which belong to the head, the 
remainder to the thorax. The division into lioad and 
thoraft is inferred from the structure of other Crustacea ; 
in the prawn there is no sign of a division between the 
head and the thorax. The abdomen consists of seven 
movable segments, six of which have a pair of appen- 
dages. Tljo last segment, or tolson, hears no appendages ; 
it ends in a sharp point. The armour covering each of 
the first six segments of the abdbmcn is formed on the 
same plan. A single abdominal segment should be 
detached, and its skeleton examined. It is shaped like an 
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arch. The floor of tl-j arch, which lies betweeft the 
sockets of the appendages, is called the sternum; the 
arch itself is called the ter gum. In each segment two 
plates called the pleura hang down from the tergum, one 
on either side; each pleuron overlaps the one of the 
segment behind it. Those of the 2nd segment are 
different from the others, for they 'overlap the segment 
next in front as well as the one behind. That part k of the 
skeleton which lies between the limb sockets and the 
pleuron on either side is called the epimeron ; it may 
seem hardly worthy of .a special name, but in the 
thoracic region the united epimera form a high wall, or 
inner boundary, of the gill chamber, to which the gills 
are attached. 

V-X' ft The Gill Chamber . — The gill chamber should now be 
examined. If the point of a pair of scissors* be pushed 
under the posterior margin of the Hide of the thorax, it will 
enter the gill chamber. A groove, curving downwards in 
front, can be Been on either side of the thorax ; a cut 
should be made with the scissors along this groove, and 
continued forwards along another horizontal groove, 
which lies close below the post-antennary spines. By 
thiB cut the gills and the bases of the appendages will be 
exposed, although the internal organs of the body will 
not be disturbed. The part of the armour which is 
detached by the cut is called the*brancfriflaliflgite£ ™ 
pleuron, of the thqpax*. The inner wall of the gill ' 
chamber is the epimeron of the thorax. The gills are 
for the most part attached to the epimeron. There are 
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eight? pairs of gills which resemble one another in 
structure but not in size. We will describe the gills of 
one side. The hindermost gill is the largest ; each gill is 
a little larger than the one in front of it. Just as ouch 
pair of appendages belongs to a sogiueut, so doos each 
pair of gills belong to a segment. I'lach segment from 
the 7th to the lSlli has »n pair of gills, one on 
'either, side ; but the 8th segment has an extra pair. 
The last five gills are attached to the opimeron or inner 
wall of the gill*chamber, above tho bases of the tivo long . 
legs ; the attachment of the hindmost gill is higher than 
that of the others, and each gill is attachod a little lower 
than the one behind it. The gill belonging to the 
7th segment is attached to the baso of the api>endago 
of that segment. Of tho two giljtf -Jidjkk. lwluug Jtf 
the .8th segment, onejs fixed .to tJLux ujembmng. which 
attac hes the appendage of this segment to it* socket, 
“t he other, which i s veiy small,, is ...attached . .to _tho 
rim qL Afee.” socket. Tho small extru gill of tho 8lh 
segment is" entirely hidden by its larger oorapMikm. 
One 8f the gills should bo cut from its attachment and 
examined. It consists of a rod-like axis, to which arc 
attachod two rows of quadrangular plates arranged like 
the leaves of a hook. 

The ArrBNo.voRs.-Thc appondages of ono side 
shduld now be removed and examined in succession, 
commencing with the first antepna. It has been 
mentioned that at the time of their appearance in the 
embryo the appends of many Crustacea are lnramous. 
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They consist at that time of a basal portion called the 
protopodite, which hears two branches, an inner endopo- 
dite, and an outer exopodite. This simple arrangement 
is still to be seen in the abdominal appendages of the 
adult prawn, but the appendages of the cephalothorax 
have lost their embryonic condition, and it is not 
always easy to understand which parts of the mature 
appendages have been formed out of any one ef the 
three primary parts of the embryonic appendages. It is 
however known that each of the five pairs of thoraqjc 
legs have lost an exopodite in the process of develop- 
ment, whereas the first three pairs of thoracic appen- 
dages, which are called the maxillipeds, have retained 
their exopodites in the form of thin Hexible processes. 

The Fintt Antenna . — This consists of a basal por- 
tion composed of four separate segments.' The rfirst 
is small* and ends in a spine on the outer side. The 
second is about three times as large as the first, 
and also ends in a spine on the outer side. The 
first two pieces are fia'itened and curved *so as to form a 
cup-like hollow for the eye. The third and fourth are 
cylindrical and nearly equal in length. The third piece 
has a strong, blunt spine on its inner side ; the fourth 
piece bears two Hexible rods, or flagella. One of these is 
internal, that is to say, of the two it is nearer to the 

middle line, the other, which is external, bears a sfiort 

% 

third flagellum. The- fi rst antennae bear t he otocysts , 
or auditory organs, which lie wifTiiSrHieiF bases. 

The Second Antenna consists «o£ a globular basal 
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portiqp of two segments, which curries an outer ami an 
inner limb. The outor limb is a Hat loaf which is guarded 
in front by a spine, and projects horizontally outwards 
(luring life, to halflncu the animal in the water. The 
inner limb consists of a basal portion of four segments 
surmounted by a iiugellum. Towards the inner side cjf^ 
the ventral aspect of the basal portion is the opening of- 
fche greon gland, or kidney. 

The Mandible consists of an elongated portion of 
great strength which is set obliquely in the side wall of 
the head; its lower end boars two teeth, one of which 
is placed just outside the aperture \>f the mouth, the 
other being situated within the oesophagus. At the base 
of the outer tooth iH a short, throe-jointed palp. 

The mandibles lie on either side of the mouth ; close 
behind them are two rounded lobes called the* labia; 
these are not counted among the appendages. 

The First Maxilla . This is the smallest of the 
appendages. Tt lies behind the labium and in contact 
with it, and possesses a doublh biting portion which 
projects inwards towards the mouth, and a short branch 
which is directed forwards. 

The Second Maxilla.— The basal portion has two 
slender processes which project towards the mouth; 

there is another short branch which projects forwards. 

■ 

Th§ most important part of this appendage is tbo lout- 
like plate on the outer side which extends lwth in front 
of and behind the basal part. This is the sc aphog nalliito ; 
it is placed within the branchial chainljer. When the 
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prawn is alive this plate is in constant motion, so c as to 
renew the water in the gill chamber. 

The Appendage x of the Thorax . — There are eight pairs 
of thesa The first three are called maxillipeds, the last 
five are the legs. The maxillipeds resemble one another 
in that each possesses a well-developed exopodite. The 
maxillipeds therefore differ from the five legs, which have 
lost their exopodites. • 

The Firxt Ma.eiIUped . — The basal portion is flat, and 
has a long, inner border, which is set with stiff hairs. The 
exopodite is a long, slender branch flattened and fringed 
with soft hairs. At its base, on the inner side, is a small 
process- which may be called the endopodite. There are 
three leaf-liko structures, or epipodites, On tho outer side. 

The Second Maxilliped consists of a basal portion 
which is soft and membranous as regards its posterior 

• r 

surface. A gill and an epipodite are attached to this 
membrauous surface. The endopodite is composed of 
six segments ; the last two are flattened and fringed with 
stiff hairs. The exopodite is exactly like that of the first 
Mojtilliped. 

Tlte Third Maxdliped consists of a three- (or four-) 
jointed endopodiue, which is long and resembles a leg, 
and an exopodite which is like those of the other maxilli- 
peds. A gill is attached to the membrane which unites 
this appendage to the body. ' 

The Lege. — In the embryo the legs are biramous, but 
the outer branch, or 'exopodites, are lost during develop- 

i* 

ment. Each leg contains seven segments, or podites, 
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whicjj are named in sequence, commencing at the base, 
CQXO-, ba si-, ischio-, lyero^ .c arpo- , pro-, dacfcylo-, jixHlito^. 
The first two legs are clawed, or chelate, the ends of their 
propodites and daetylopodite meet together like a linger 
and thumb. The second chela, or claw, is much larger 
than the first; in the female prawn it is much larger 
than in the male. The third, fourth, and fifth logs are 
mot chelate. The generative clucljrf the female ope ns on 
the iifner side of the coxopodite g£ Ijhe third leg. In 
the male the vps de fe rens open s si mila rly upoi i the fifth 
leg^ 

Abdominal Lrrjs.— The first five' pairs, which are called 
the awimmq yeta. are nearly alike. The sixth pair are 
different; they project laterally and form, together with 
the telson, the tail fin, by means of which the animal 
springs backwards through the water. The swimmerets 
eaefi consists of a two- join ted basal portion, or protopodito, 
which bears a flattened, oar-like cndoi>odiLe and a similar 
exopodite. In tho case of the first, the ondopodito is 
very small; in the second there* are two additional short 
processes at the base of the ondopodito; in tho third, 
fourth, and fifth there is one such additional process 
which may be called a stylet 

Internal Anatomy. — The dorsal surface of the cara- 
pace must now be removed. Two parallel cuts should 
be made 'with sensors, commencing at the posterior 
margin of the thorax and passing forwards to end at 
the orbital margin, so that the Vostrum is included 
between the cuts and removed along with the detached 
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portion, which represents the terga of the cephajptho- 
racic segments. The terga of the abdominal segments 
should be similarly removed. It will now be seen that 
the lifeless carapace is lined internallywith a living skin. 

The CittcuiiiVToav System. — To see this properly it 
is nccossary to inject the vessels. Injection can be 
performed with an ordinary hypodermic syringe con- 
taming insoluble carmine mixed with water. The heart 
is situated dorsally in the posterior part of the thorax, 
close below tho skin which lines the carapace. When 
viewed from above it appears nearly triangular in shape, 
the apex of the triangle being directed forwards. Its 
shape cannot be properly seen until the pericardium, a 
thin membrane which encloses it on all sides, has been 
removed. 

The Heart.— Examination of the heart should be 

. * i 

postponed until after tho arteries have been examined ; 
it will however be described here. The heart, on being 
cut open, appears solid throughout, no definite cavity 
can bo Heen in it ; the eftt surface appears like a sponge, 
the ’interstices of which represent the cavity of thejieart; 
in other words, the cavity of the heart is traversed in 
all directions by bundles of muscle fibres. This irregular 
cavity communicates wit h the pericardium through five 
pairs of openings called ostia, four of which can be 
seen from above. T he fifth pair are pn the ventral s ur- 
face. The ostia are situated in the following manner: 
there arc a pair situated close together on the upper 
surface near the middle line and not far from the 
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hinder border: those tiro easy to sou. A second pair 
are placed further forwards, and widely apart, Inking 
close to the outer border of the heart. Thu third and 
fourth pairs of osffia are upon the posterior border; the 
third pair are uot far from the middle line, and are there- 
fore close behind the lirst pair. The fourth pair are 

placed below the outer angle of the heart where the 

• 

lateral and posterior borders of the organ meet one. 
another. The fifth pair are on the lowor surface. The 
margins of the ostia are united to the 1 pericardium by 
delicate strands, which hold them open. There must he 
some valves on the inner side of the ostia, for during the 
injection of the heart, the coloured fluid does not issue 
from these opeuings. The ostia are not always easy to 
see, especially in small prawns. They are well seen in 

specimens which have been kept for some days in strong 

• • 

spirit, for in this condition these apertures are usually 

found gaping open. In order to see the ostia to the 

best advantage, a heart which has been treated in this 

way should bo split horizontally in two with a razor; 

the li^lves should be lightly stained, mounted in Canada 

balsam in the proper manner, and examined under the 
* 

microscope. To see the arteries the heart must he 
injected; this is easily done by thrusting the needle of 
a hypodermic syringe, containing carmine and water, 
thrpugli the posterjpr wall into the middle of the heart. 
On slowly pressing the piston of- the syringe, the heart 
will bulge and all the arteries become filled with the 
red fluid. 


L 





PLATE IX. 

Thu Fhush-watkk 1’hawn (PaUuuwn sp .). 

A. Tho thorax aftor removal of tho branchiostegito. 1. rostrum; 

2. 1st antenna; 9. 2nd antenna ; 4. tlio scaplioguathito; 
5. 3rd maxillipfed ; C. 1st thoracic leg, or small chela ; 7. largo 
chela ; 8. 3rd thoracic leg ; 1) and 10. bases of the last legs. 

B. Further dissection of thorax. 1. cerebral ganglion ; 2. excretory 

pore ; 9. renal glund ; 4. labruiu ; 5. base of mandible ; 
0. scaphognathito ; 7. oxopodito of 1st mxpod. ; 8. exp. of 2nd 
mxpod.; 1). endopodite of 3rd mxpod. ; 10. exp. of 3rd mxpod.; 
11 and 12. gills belonging to the 2nd and 3rd thoracic seg- 
ments; 13. antonnary arter/crossing the mandibul.ir tendon ; 
14. liver; 1ft. stomach. 

C. Mfidian longitudinal section through tho thorax. 1. the intes- 

tino ; 2. sternal artery ; 3. cardiac stumarh ; 4. pylorle 
stomach; 5. hoert; C. dorsal abd. artery; 8 aud 10. gastro- 
cardiac musclo; 2. testis; 11. hepatic artery; 12. \ as defe- 
rens; 18. nerve-chord ; 14. lahrum; 15. inner mandibular 
tooth ; 10. outor mdb. tooth ; 17 and 18. biting ends of 1st and 
2nd mxl. ; 19. hastate plate; 20. guiding ridge ; 21. oudo- 
storuito. Tho arrow S indicates the direction of the section 
shown at Fig. J. 

D. Thorax dissected from above. 1 . heart ; 2. stomach , 3. testis ; 

4. vos deferens; 5. mandibular muscle; 0. tendon of mdb. 
muscle, tho muscle having been removed ; 7. aiitenmiry 
artery ; 8. ophthalmic ttftory ; 9. pericardial artery ; 10. gas- 
tric ganglion ,11. sternal artery. 

Fi. The thovicic nervous system. 1 to 5. nerves to tho live thoracic 
legs; 0. cuohral ganglion ; 7. 1st abdl. ganglion ; 8. eircoes. 
comm.; 9. oesophagus, containing mdb. teeth , 10* postoes. 
nerve loop ; 11. gastric ganglion ; 12. undosteniito 
G. Diagrammatic transvorsc section at the posterior end of tho 
thorax. 1 tho hoart; 2. gill; 3. efferent branchial artery; 
•1. sternal artery; 5. testes; G. van deferens; 7. posterior 
denial artery; 8. thoracic nufvo cord; 9. male goii'M alive 
aperture, i^nm tho 5th log; 10. iiilcstiiio; 11. liranchiostc- 
• gite; 12. gill chamber. 

H u, p, l. Dorsal, vontr.il, posterior, and lateral views «>! the 
hcojrt from a specimen which has hcou liardcuod tn stlu in 
order to preserve the natural shape. L dorsal ostia; 2. an- 
toro-latoral ostia; 3 and 4. posterior ostia; 5. ventral ostia; 
G. sternal artery. 

J Section through the pyloric stomach and floor of too cardiac 
stomach. 1. pyloric: stomach ; 2. posterior onds of the guid- 
ing ridges ; 8. floor of cardiac stomach. 

K. Structures seen in £ho floor of the cardiac stomach. 1. opouing 
• of tho oesophagus; 2. position of tho passogo to pylorus ; 
3. the guiding ridgos ; 4. oval calcareous plate embedded iu 
th$ front wall of stomach ; 5. the haatato plato. 
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Atl cries . — Five arti ies leave the anterior end of the 
heart: a very small median ophthalmic artery, a pair 
of large antennary arteries, and a pair .of hepatic arteries 
of medium size. One largo artery loaves the posterior 
part of the heart ; it arises not from tho posterior border, 
but from the posterior part of the ventral surface. The 
ophthalmic artery is so small that in many casoB it is 
not properly injected ; it passes forwards in the middle 
line between two oval greenish bodies, which are the 
upper ends of tho mandibular nryiHclns- rfnd comes to lie 
on the uppei surface of the stomach ; it passes forwards 
to the head, but does not supply the eyes in tho prawn. 
The antennary arteries are much larger, and arise one 
on either side of the apex of the heart. Each gives off 
( n a small branch to the pericardium, and passes forwards 
to the outer side of the mandibular muscle ; it gives off 
(Ha gastric branch to the stomach, which reaches that 
organ by passing down the tendon of tho mandibular 
muscle^ \k third branch of the antennary artery supplies 
a muscle which is contained in the base of the mandible, 
aiutna fourth branch is directed inwards to unite with 
its follow of the opposito side, and with the ophthalmic 
artery upon tho upper surface of tho stomach. After 
giving out these four branches the antennary artery 
becomes directed towards tho kidney and divides into 
terminal branches, which supply that organ and both 
the antennae. The ( hepatic arteries complete the group 
of five vessels which leave the anterior end of the heart. 
They issue from tho ventral surface of the organ, close 
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to it% apex, and plunge downwards together into the 
substance of the liver. While examining the hepatic 
arteries the student will observe a strand of tissue 
which passes Ironf the apex of the pericardium to the 
dorsal wall of the pyloric chamber of the stomach. 
This strand lies upon the liver and between the hepatic 
arteries. If it ho removed and examined microscopically 
It will he seen to consist of two bundles of striped muscle 
fibres separated by a minute artery ; it may he called the 
"astro-cardiac •mm do. One largo artery leaves blip 
posterior^ border of lho_ ventral surface of Um liwuri, jmd 
divides at once to form the dorsal abdominal and stoma 1 
arteries. The former lakes a posterior course and comes 
to lie above the intestine; it supplies the muscles of the 
abdomen. The sternal arteiy, which is usually the 

widest blood-vessel in the body, takes a downward course 

• • 

towards the thoracic ganglionic mass; it lies in the 
median plan' 1 on one or other side of the intestine. 
SubrC(|uently it will bo seen, that the sUjmal_ artery 
perfor ates tbe thoracic ganglion , and divider ben eath it 
into t wo branches which lie vent ral to th e nerve-chord ; 
one branch passes to the head and is .ailed thoVontral 
thoracic artery, the other passes towards the tail and 
is called the ventral abdominal artery. 

Alimentary System. The mouth is a large hole 
wlych lies between the mandibles ; in front of it is a 
prominent quadrangular plate milled the labrum. Tbe 
mouth leads into a vertical oesophagus within which the 
inner tooth of each mandible is placed; the two teeth 
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oppose one another nd form an efficient apparatus 
for grinding food. It is an interesting fact that there 
is no other means of grinding the food in the stomach 
of the prawn; in many other Crustacea, such as the 
crayfish, lobster, and crab, whicli do not possess an 
internal mandibular tooth, there is a well-developed 
grinding apparatus within the stomach.; The oesophagus 
opens into the large stomach, which occupies about two- 
thirds of the length of the cephalothorax. The stomach 
of all the higher Crustacea is divided hito two parts, 
which receive the same names as the two ends of the 
human stomach. The first part, into which the oeso- 
phagus opens, is called cardiac ; the second, to which 
the intestine is attached, is called pyloric. 

The < '(inline Stomach . — In the prawn the cardiac 
portion of the stomach iH very large, while the pyloric 
portion is small, being scarcoly more than a valve 
which regulates the passage of food into the intestine 
and prevents regurgitation. The cardiac portion of the 
stomach occupies nearly* the whole of th$ cephalothorax 
in* front of the heart. Upon its upper surface, the 
ophthalmic artery and branches from the antennary 
arteries, as well as the gastric nerves, may be seen. The 
stomach should be opened in its whole length and its 
contents washed out. The opening of the oesophagus 
and the inner mandibular teeth will now be seen in the 
floor of the stomach. A* short distance behind iho oeso- 
phageal opening there is a chjtinous plate, which is. 
embedded in the floor of th e stoma ch ; it is shaped like 
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ft s P eftr > an d may 1 h' culled the hastate 
Elaie. On either side of this plate is a delicate* rod, from 
which a row of fine hairs project inwards and overlap 
its margin. Posterior to the hastate plate is the open- 
ing of the pyloric part of the stomach ; the passage is 
naturally closed, hut it can easily lie demonstrated with 
a blunt seeker. The hastate plate is enclosed between 
•two elevated ridges, which are of a drop bluish-black 
colour. Judging from the fact that these ridges increase 
in height behind, and bond inwards over the pyloric 
opening, we may assume that they are useful to guide 
the contents of the stomach towards that opening ; they 
may be called tho guiding ridges. 

The Lit er. - The posterior halt or more of the cardiac 
stomach lies embedded upon Llio liver. Hie liver is a 
large gland of the racemose type, that is to say, it is 
composed of a mass of short, branching tuhulcH which 
are connected together b'ke the twigs and branches of a 
tree. The liver is of a mottled red-yellow colour, and 
lies below and on either side of the posterior half of the 
cardgic stomach; it extends beneath the generative 
organs and heart, and is traversed by the ifltestine, 
which is attached to the posterior end of the pyloric 
chamber of the stomach. 

The Pyloric Chamber . — The oesophagus must now be 
ci^t through, and •the stomach raised from its natural 
position; the small pyloric chamber will then he found 
lyiug beneath the hinder part of tlu* cardiac portion of the 
stomach. It is not always easy to see the attachments 
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of the intestine and of the hepatic ducts which ppen 
into thp pyloric chamber. A few hours after death the 
viscera become so soft that the attachments of these 
tubes easily become broken. In ordel to examine the 
structure of the pyloric part of the stomach it should 
bo cut across transversely. There is little or no cavity 
within it; the inner walls, which are in close contact 
with one another, are arranged so as to present in cross ' 
section an appearance somewhat like the letter II 'lying 
upon its side ; in this position the letter will contain a 
single vertical line and an upper and a lower horizontal 
line, which nil three together, represent the potential 
or closed cavity of tho organ. That part of the cavity 
which is represented by tho upper horizontal line is 
continuous posteriorly with the intestine, while that 
which is represented by the vertical litm becomes 
similarly confluent with the two hepatic ducts, which 
therefore * open into the posterior end of the pyloric 
chamber immediately below the opening of the intestine. 
The floor of the pyloric chamber is formed by a thick, 
cliitinous plate, which is marked internally by a aeries 
Qf longfoudinal grooves separated by low ridges. The_ 
intestine passes borough the substance of the liver 
towards the abdomen, whore it lies among the muscles 
and opens by the anus at tho base of the telsom 

77//* Abdominal Mum-lex . — Tho abdomen is almqpt 
wholly occupied by powerful muscles, which are of two 
systems. The one id called tho flexor system, and is 
used to bend the abdomen so that the tail is brought 
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forwards lieneath the thorax. The prawn uses the llexor 
muscles when it springs backwards through the water. 
The other muscular system is called extensor, for if the 
abdomen is in tlifl bent position, it is made straight by 
tho contraction of these muscles. The llexors. which 
aro more powerful than tho extensors, are ventral to tho 
intestine, whereas the extensors lio dorsal to it. Roth 
•the flexor and oxtensor muscles ot the abdomen are 
attached to the thorax anteriorly, the former to tho 
sterna, tho latter 'o the lorga and epimera of the 
posterior thoracic segments. 

Tub N Kinoes SxsrKxi. -The central nervous system 
is formed on the same plan as in the Annelids ; that 
is to say, there is a_j»ur of cerebral ganglia in front of 
the oesophagus, and a ventral ganglionnled nerve-chord 
which lies along the whole length of the animal. The 
position of the ganglia is determined, as in a worm, by 
the segmentation, tor there is one ganglion in each 
segment which supplies nerves to that segment. Just 
as tho segments of the thorn* arc fused together, ho 
aro their ganglia fused to form a single ganglionic iwihk 
of considerable length. In this respoct tho thoracic 
nervous system of the prawn differs from that of many 
other Crustacea, in which each thoracic segment pos- 
sesses its own special ganglion. 

yJ'Cerrbml < These are, placed anterior to the 
stomach and Mow the level of ’Us upper surface. Kadi 
gives off three large nerves, which enter the eye and 
the first and second antenna of the same side. 
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Circumoesophageal Connectives . — The cerebral ganglia 
are connected with the thoracic ganglionic moss by two 
largo nerves, which lie one on either side of the oeso- 
phagus, and are called the circumoesopbageol connectives. 
They are crossed by two bridges of tough, connective 
tissue, which lie between the oesophagus in front, and 
the thoracic ganglionic mass behind. These bridges may 

ft 

be called the endostema; on either side they become* 
resolved into muscular tissue. The circumoesophageal 
connectives give out some small nerves ; the largest pair 
of these form a loop which embraces the oesophagus 
posteriorly. Small nerves are also given to the outer 
surface of the stomach. There is a small ganglion on 
the anterior wall of the stomach which is connected with 
the fflicmagegopha geal chord on either side; from this 
ganglion a small nerve passes upwards on to ( the ujiper 
surface of the stomach, where it bifurcates and supplies 
the gastric wall. 

The. Thoracic Ganglionic Manx. — Posterior to the 
endosterna, the circumoesophageal cliords ( become united 
in u'long ganglionic mass, which is pierced by the sternal 
artery at a spot somewhat behind the middle of its length, 
and supplies nerves to all the appendages of the cephalo* 
thorax except the antennae. Many pairs of nerves arise 
from the ganglionic mass on either side. Some of these 
are directed anteriorly, others in the opposite direction ; 
but one pair of nerveB.«the largest of all T are directed 
straight outwards ; th*ese enter the large chela. i.c. the 
second leg, or fifth thoracic appendage, and serve as a 
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guide among the confusion caused by the large number 
of nerves which spring from the mass. All the nerves, 
after leaving the ganglionic mass, divide into two branches, 
which enter the appeudago to which they belong side by 
side. Prom the posterior end of the mass a stout chord, 
which appears outwardly to be singlo, passes towards 
the abdomen, where it enlarges into a ganglion, in each 


segment. 

Excretory Organs. — These consist of a pair of renal 
glands, and the renal sac and its ducts, till fl rflPttl glttlhia 
lift ftpfl nn either fliflf i n f they aro nearly spherical, 


and measure one quarter of an inch in diameter, or more, 
in a large prawn. T hey he almost wholly wifrlpu .tllP 
flvpmided basal se g ments of . Urn., second antennae, and 
are disclosed by the removal of certain muscles which 
sur/ound them. The renal sac is oasy to see, but a frosh 
specimen is required for its full demonstration. . In order 
to see the sac, remove the carapace and skin of a largo 


freshly killed prawn, lming careful not to damage any- 
thing which lips beneath the s*ki». Between the upper 
surface of the stomach and the skin is a membranous 
tissue, which is like an empty bag lying along the whole 
length of the stomach. Tt should be grasped with forceps 
and gently raised from the stomach ; it will then bo seen 
that the -posterior end of the ™ « jjngjt attachedjo 




The renal wife must np^ho injecte.1; 
thTTiT^ily with a hypodermic syrinRo containing 
carmine and water., Ab a result of tlfS injection, the 
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carmino ilows at once fr m both of the external ancre - 
torv anerlures . which o pen upon the base of the second 
lyitemm e- The whole renal sac and its ducts are now 
rendered visible. Two canals le ave tfio ventral Biirface 
of the anterior end of the sac and take a downward 
cours o ; they pass to the inner side of the circmn - 
oesophageal connectives and bend outwards beneath 
them in the direction of_the ren al glands. 1 The injection 
shows that the inner side and half of the upper surface 
of each kidney is covered with a sac, which receives the 
canal from the largo renal sac, and gives forth another 
canal or duct which passes to the excretory aperture. 
The large renal sac lias been compared to a coelom ; the 
question as to whether the generative organ is developed 
from its wall is unsettled. I 

The Generative Groan. — This lies bepeath jthe 
pericardium. In both sexos it is a tri-lobed greyish 
body, the ovary is somewhat larger than the testis. The 
generative ducts are a pair of translucent tubes which 
arise one on either side from the organ. , The oviducts 
are short, and pass direct to their openings upon the 
bases of the third legs. The vasa defferentia, which are 
long and contorted, open similarly upon the 5th legs. 
Some of the contents of the vasa should be examined 
under the microscope. The spermatozoa ore round 
nucleated cells, which arc provided with numerous stiff, 
radiating processes ; thojf are incapable of active move- 
ment. 

Sense Organs. — The sense organs of the prawn are 
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the^yes and the otocysts. The even are of a |H.u'uliar 
structure, being composed of a large number ot separate 
columnar elomcuts, which lie side hy side and are called 
ommatidia ; the (fyes are therefore said to be compound. 
Many of the higher Crustacea, and nearly all the insects, 
have eyes of this kind. The compound eyes of the 
prawn and ol some other Crustacea are globes borne 
upon movable stalks. The outer surface of the globe is 
blac£, and exhibits, on close inspection, an hexagonal 
pattern like 41io suface of a honeycomb. The internal 
structure of the eye can only he studied in stained sec- 
tions, which have been cut illi the microtome. As all 
the ommatidia are alike in structure, it \\ ill only be 
necessary to describe one of them. 

The Shwhnr nf an fhiuiitituhiiin. -The outer layer 
is called the cornea; it is cliitiuuus and transparent 
during life. In many Arthropods it is shaped like a 
biconvex lens. Beneath it is the cornoagen, a layer of 
cells which forms a new cornea beneath the old one, 
before the latter is cast oil in anonlting. The cornea of 
ndjqpont ommatidia form a continuous sheet, which is 
the outer covering of the globe of the “ye. Beifcath the 
corneagen is the crystalline cone, a homogeneous body 
which is transparent during life. The cone is enclosed 
within certain large cells, which become deeply stained 
and are "generally much vacuolated, as a resulL of the 
treatment they undergo in thejprocess of section-cutting. 
The inner ends of the cone cells' are long and pointed. 
Beneath the cone lies the rhabdom, a rod -like body which 
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is also homogeneous ; it has however a striated appear- 
ance, due to certain fibres which are embedded in it. The 
rliabdom is regarded as the perceptive part of the omma- 
tidium. The term retinula cell is given to certain cells 
which secrete the rhabdom ; their nuclei can be Been at 
the outer end of the rhabdom. The inner end of the 
rhabdom is directed towards a large spherical mass of 
tissue which is composed of nerve-cells and fibres, antf 
occupies the centre of the globe of the eyo. This mass 
is the optic ganglion. The inner ends of all the rhabdoms 
are separated from the ganglion by a thin limiting mem- 
brane. The means of connection between the rhabdom 
and the optic ganglion seems to be a matter of doubt. 
Some authors say that tho inner ends of the rhabdoms 
themselves are prolonged as filaments into the ganglion ; 
others say that the infer ends of the retinuja eolte are 
prolonged in this manner. The several ommatidia aro 
separated from one another by cells which are full of 
black pigment. There are two series of such cells — an 
outer series which lies among the cones, and an inner 
series which separates the rhabdoms. In Paluomot], the 
inner Series is continued past the limiting membrane 
into the ganglion. The pigment cells are known to be 
very amoeboid, and to take up different positions accord- 
ing as the light which is falling on the eye is # bright or 
dull ; their function is to prevent light passing between 
the elements. 

Utocysts. — These 'are often spoken of as auditory 
organs, but it is probable that their function is to give 
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a sense of position aiul balance ; in other word*, they 
are comparable not to tlie internal ear. but to the semi- 
circular canals of a vortobrate animal. The otocysts lie 
within tho basal pftrt of the first antennae, one on oitlior 
side. In order to examine them, remove a first anlonnu 
and split open the basal part of it by cutting along 
either sido with fine scissors. The otocyst will bo seen 
# as a spherical pouch, which is attached to the upper of 
the two walls of tho appendage. The aperture of the 
pouch is upofi the upper or concave surface of the 
antenna ; but it is scarcely visible, since it lies in 
the crevice between the first and second parts of the 
appendage. In the centre of tho sac is a depression, and 
a small nerve may be seen passing from file main nerve 
of the antenna to this depression. Having exposod and 
cxaipined the sac from the inner side, it should he cut 
off, placed in a drop of water on a slide*, and examined 
with the microscope. It is full of fines sand, which uiuhL 
be loosened with a needle and washed out ; when this 
has been done the otocyst should hi*- covered with a slip 
and examined more carofully. A large number of long deli- 
cately pointed hairs will he seen ; these are not scattered 
irregularly, but are arranged in a linear series which 
forms an oval. Each hair is distended immediately 
above its base or point of attachment, through which it 
receives a nerve fibre. In the natural condition these 
sensory hairs lie among the saiffl grains. It is difficult 
to understand how the sand gets into tho otocyst. 


M 
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ARACHNIDA 

The group oi the Aracknida includes the scorpions, 
spiders, mites, and ticks, animals of small size which 
breathe air ; it also includes Limulus, the king crab, a 
larger animal which lives in water and takes in oxygen 
by means of gills. The anterior part of the body, ox 
ccphalothorax, of every Arachnid contains six segments, 
each of which possesses a pair of appendages. The part 
of the body which is posterior to the cephalothorax is 
called the abdomen. In the embryos of many Arachnids 
the segments of the abdomen bear appendages, but it is 
only in the aquatic Limulus that thoy persist throughout 
life. In spiders and in Limulus the abdomen is sepa- 
rated from the cephalothorax by a constriction, but the 
abdomen of scorpions, mites, and ticks is broadly fused 
with the cephalothorax. The presence of six pairs of 
appendages is the most noticeable characteristic of the 
Arachnids. The first pair of the appendages is placed 
in .front of the mouth; but they are quite unlike the 
antennae of the insects and Crustacea ; they are called 
chelicerae. The secoud pair usually lie one on either 
side of the mouth ; they are called pcdipalpi. The four 
posterior pairs arc in most cases used for walking. The 
respiratory system differs among tbo several orders* in 
an interesting manner. Limulus breathes by means of 
thin leaves, or lamellae, which, being attached to the 
abdominal legs, are in contact with the water. The 
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scorpions mid spiders breathe by means of special organs 
called lung books, which contain a number of lamellae 
resembling the leaves of a book. Lung books opou on 
the abdomen, am? when multiple are arranged segment- 
ally in pairs. It is one of tbo most interesting facts in 
embryology that the lamellae of the lung books are first 

formed ui>on short appendages, which protrude from the 

• 

•abdominal segments. As development proceeds theso 
appondagcs diminish in size, and their lamellae' are 
received into •pockets which upjKjar at the base of the 
diminishing appendages. The pockets and the lamellao 
]H3rsist throughout life as the lung hooks. The mites 
and ticks, and certain other Arachnids, breathe like 
insects by moans of trachea, which develop in Iho 
embryo as outgrowths from preformed lung Imoks and 
ramify through the body. Arachnids mostly live by 
sucking the nutritive juices of other anirnajs. Tbo 
alimentary canal is usually a straight and narrow tube, 
provided with a bulky liver. The nervous system and 
circulatory system are of the Arthropod type. The sexes 
are separate ; the ducts of the generative organs open 
on the first segment of the abdomen. Two kinds of 
excretory organs are found in the Arachnids: Malpighian 
tubes occur as in insects, but certain organs called coxal 
glands, which somewhat resemble the excretory glands 
of J»he prawn, are aiso found. 
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THE SCORPION (liuthuu) 

Scorpions are fairly common throughout India. There 
are many kinds of them, but all are essentially alike in 
structure. They are found in houses, especially in 
dusty, narrow places which are seldom disturbed. They 
are often found beneath old matting. Scorpions are 
sometimes found in congregations of a hundred of 1 more 
among deserted lumber. Seventeen of such a congre- 
gation were dissected, and all were found to be females, 
mostly in a pregnant condition. The habits of scorpions 
arc not well known ; they are viviparous, and give birth 
to about thirty young in a siuglo night. The young 
ones resemble their parents. At first they are white, 
and remain clinging to the back of their mothor. After 
about a week they moult and become brown ; they then 
leave the mother and load an active independent life. 
Scorpions are also found beneath stones in hilly places ; 
a very large kind, over wix inches in length, is not uu- 
conpnon in many parts of India. The* kind whjch is 
usually found in houses in Bengal grows to about three 
inches in length. 

Kite null Appearance.— The body of a scorpion con- 
sists of a cephalotliorax which bears six pairs of appen- 
dages, an abdomen containing sevep segments, an\l a 
six-jointed tail. The upper surface of the cephalothorax 
is formed by a single plate, which carries two sets of 
simple eyes. There are a pair of large eyes close to the 



middle line near the centre of the plate, and a group of 
smaller ones on either side, very close to the front 
margin. The segmented character of the cephalot borax 
is indicated by tile presence of the six pairs of appen- 
dages. Each of the seven segments of the abdomen is 
provided with a separate dorsal plate, or tergimi ; these 
plates increase in length from the first to the seventh; 
the last ouo is neatlx triangular in shape. The ventral 
surfaces of the abdominal segments are not all alike. 
The first onfl heat- a rounded plate which covers the 
opening of the generative ducts, and is called the genital 
operculum. The b 2ud abdominal segment hears a pair 
of remarkable comb-like appendages called the peclinrs; 
their function is unknown, tlu*\ are supposed to he ot 
some use when the sexes liieeL. From the drd to the 
bth. abdoyiinal segments the sterna are perforated on 
either side by the openings of the lung boo^s. The 
sternum of the Ttli segment resembles the te.rgmn of 
the same segment. Thu tail, which is attached to the 
7tli abdominal segment, consists of six separate seg- 
moTite, which are enclosed on all sides h\ chi tin ; the 
last one .bears the, acutely pointed sting. Within this 
segment are a pair of poison glands, the duels of which 
open below the point of the sting. During life the tail 
is bent forward over the abdomen with the sting directed 
forwards. In combat the sting is usually thrust forwards 
over the head, but it may be directed to cither side. It 
seems to be doubtful as to whether the larger scorpions can 
by their sting cause the death of a man, or even a child. 
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The Appendages . — Thr first two pairs of appendages, 
the chelicerae and pedipalpi, should be considered in their 
relation to the mouth. It is not until the small cheli- 
cherae have been lifted up, and the b&ses of the larger 
pedipalpi separated from one another, that the facial 
or oral respect of the animal is disclosed. The chief 
feature of this aspect is a prominent hairy ridge called 
the labrum, which is placed vertically ^in the middle line. * 
The mouth is a minute round hole situated below the 
lower end of the labrum ; it is at the bottom of a deep 
recess, and cannot be properly soen without dissection. 

The chelicerae are the small appendages which over- 
hang the labrum ; each consists of three portions, a basal 
piece and two othera, which combine to form a small 
pincer. The shape of the chelicerae differs widely 
among the various kinds of scorpions. The pedipalpi are 
the large pincers ; they contain seveu pieces separated 
by as many joints. The inner edge of the first, or 
basal, portion is provided with a bluntly dentate margin. 
We may assume from itfe position that this margin is 
useful for grasping when the scorpion feeds. Scorpions 
in captivity will feed upon cockroaches ; in order to feed 
they tear a large hole in the side of the abdomen of the 
insect and push their head into it ; the mouth of a 
scorpion is so small that it can only admit juices and 
pulp. The last two pieces of the pedipalpi are opposed 
'to one another like a firtger and thumb, and form the 
large pincer which is used to catch and hold prey. The 
large pincer also varies considerably among the different 
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species; in Buthus it is slander, hut in the largo rock 
scorpion the last segment but one is broad, mul contains 
much muscle, so that the pincer is very powerful. The 
other four pairs* of appendages aro the walking legs; 
they are closely alike : each 1ms seven joints. From the 
basal portions of the first two pairs of walking legs a 
bluntly pointed projection is directed forwards ; the four 
conical points thus 1 formed are to be seen Ijing side by 
side below and in front of the mouth. They are movable, 
and are doulriless useful in feeding. 

Internal Anatom*. — Tho animal should be killed 
with chloroform, and pinned down upon its ventral 
surface beneath water. Two cuts should be made 
through the skin, one along either side close to the 
outer margins of tin* terga and the cephalic shield. 
Thpse ci\jbs, which must ho made with fine scissors, 
should commence at the posterior border of the 7th 
abdominal segment. In a pregnant female, the internal 
organs are tightly compressed, and will protrude when 
the first cut is made. Comrnoifcing at the 7th abdominal 
segmen t, the torga must he removed: to do thin they 
must be lifted up from behind, and everything which in 
attached to their inner surface .should Iks detached by 
cutting. In performing this operation, it will be noticed 
that the^e is a pair of muscular hands in each segment, 
pj jy.od vertically,. one on either side, and close to the 
middl e line. These are the dorsiventral muscles; tho 
heart is placed in the middle line T)etwoen them. 

The Circulator ■// Si/utnn . — Because of its (losition, the 
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heart must be examined first. It is a tubular organ of 
a faint greenish colour which occupies the middle line. 
It is surrounded by a close-fitting sheath, the pericardium, 
which was in contact above with the inner side of the 
terga. The terga having been removed, we see the heart, 
covered by its pericardium, lying in a deep groove upon 
the upper surface of the liver. 

The structure of the heart is mfire easily seen in 
specimens which have been preserved for a time in 
spirit; in this condition the organ is shrunken, the 
segmentation is made evident, and the ostia gape. The 
heart must be removed in the pericardium and examined 
under the microscope. In order to remove it, raise the 
posterior end with forceps, and cut the fiue threads 
which hold it down ; at the same time observe how these 
threads are disposed: the most conspicuous of 4 them fire 
a pair of arteries which are given off from the heart in 
each segment in a ventral direction. Close to each 
artery is a small band of muscle fibres, which are attached 
not to the heart itself but to its pericardial sheath, 
Thefee ventral pericardial muscles, as well as certain 
dorsal pericardial muscles which connect the dorsal 
surface of the pericardium with the inner side of the 
terga, must, when they contract, expand the pericardium 
and draw blood into it. The heart is a cylindrical tube 
composed of a single layer of large 'fibres, which are 
placed side by side and Completely surround it ; these 
fibres end abruptly on either side of the mid- ventral line 
of the organ. There are a pair of ostia ^n each segment. 
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Each# ostium is a largo elongated aperture, which occu- 
pies at least a quarter of the whole circumference of the 
heart ; the upper ends of each pair are nearly in contact 
in the mid-dorsal *liiu\ The margins of the ostia are 
turned inwards and project into the cavity of the heart, 
so as to form valves which must prevent blood leaving 
the heart through these apertures. The valve's of each 
{mil* of ostia are unfled in the middle line and together 
form septa, which partially divide the tubular cavity of 
the heart intfl a number of chandlers. There is one 
such chamber in each segment of the abdomen. 

The scorpion is a good type in which to study the 
tubular heart oi an Arthropod, hut the remainder of the 
blood system can bo dissected only with great diiVicully 
in small scorpions, therefore it will be brielly referred 
to hpre. The anterior end of iho heart is prolonged 
into an artery which descends somewhat so that jt comes 
to lie upon the upper surface* of the aliment ary canal ; 
behind the brain this artery expands into a chamber 
from which most of the important arteries of the body 
issue. • Among these may be mentioned arteries tp each 
of the limbs, an artery which lie's on th» den-sal surfaco 
of the alimentary canal, and a pair of arteries which 
embrace the oesophagus and unite below it to form a 
single vessel, which passes to the posterior end of the. 
body in close companionship with the ventral nerve- 
• chord. A remarkable feature o! the arterial system is 
the close relationship of many of the large arteries with 
the nerves. 
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Alimentary System.— The alimentary canal is a straight 
tube which is smaller in diameter and less conspicuous 
than the heart. It is separated from the heart by the 
liver substance, for the right and left halves of that 
organ are more or less united in the median plane both 
above and below the alimentary canal. In order to see 
the canal the liver must be gently separated in the middle 
line; when found it should be traced up to the^ point' 
where it passes beneath the cerebral ganglia. The 
small mouth opens into a pharynx, which is lined by 
chitin and functions as a suction-pump ; this opens into 
a very narrow oesophagus, which lies beneath the cerebral 
ganglia. Posterior to the ganglia the oesophagus dilates 
slightly to form a small crop, which receives at its pos- 
terior end the openings of the salivary glands. The 
crop opens into the narrow intestine, which r$ceives,four 
pairs of, ducts from the liver. In the 7th abdominal 
segment the intestine receives a pair of malpighian 
tubes. These adhere to the dorsal surface of the in- 
testine; to see theni clearly the portion of the intes- 
tine to which they are attached should be removed and 
examined under the microscope. The intestine enters 
the tail and opens on the ventral surface between the 
last two segments. 

The glands which open into the alimentary canal are 
the salivary glands and the liver. 5he salivary glands 
lie in the cephalothor&c on either side of the canal. 
These organs somewhat resemble the liver in appearance, 
but they are ‘much more coarsely lobjilated; their ducts 
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join 4he alimentary canal just behind the crop. The 
liver is a very large brown organ ; it occupies nearly the 
whole of the abdomen, and sometimes the first segment 
or two of the tail.* It is a racemose gland consisting of 
a mass of small tubules, which are in communication 
with the hepatic ducts in the same way as the twigs of 
a tree are in communication with the main stem. 
Because of its size We may guess that it perforins other 
important functions besides secreting the digestive juice. 

The Oenemtice < Injuns . — Kenmle scorpions seem to 
be much moro common than males, in certain circum- 
stances. The ovaries of a female scorpion consist of two 
long tubes, which lie in the abdomen beneath and among 
the liver; they open together in the middle line upon llm 
ventral surface of the 1st abdominal segment. At the 
postprior qpd of the abdomen the two tubes are con- 
tinuous, and they are united in their length Jiy three 
or four communicating tubes, which cross the middle 
line of the bodj. Numerous large lound ova, which are 
easily visible to # tho naked eye, project from these ovarian 
tubes* in this position they are fertilized and give rise 
to fully developed embryos. Thirty or more young 
ones are born at one time. The testes in the male are 
also tubular organs opening upon the first abdominal 
segment. • There are also two i>airs of tubular pouches 
which function as tfbminal vesicles. 

Excretory System.- We havtf already seen that there 
are a single pair of inalpighian tubes, as in insects ; it is 
remarkable that scorpions can perform their functions 
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by means of a single pur of tubes, while an insect of 
equal size, such as a cockroach, requires many more. 
There is also a pair of large organs on either side of the 
ceplialothorax, close in front of the Aidosternite, which 
are called the coxal glands. In structure these organs 
are tubular glands, very like the green glands of a prawn, 
but relatively larger. In the adult scorpion, however, 
these organs do not open to the exterior, so that it irf 
dillicu.lt to understand how they can function as excretory 
organs. In young scorpions they open upon the bases 
of a pair of legs. 

Kndofftvrnitr . — This structure used to be called the 
diaphragm of the scorpion. The student will learn that 
the diaphragm of a mammal is a sheet of tough, fibrous 
and muscular material, which separates the cavity of 
the thorax from that of the abdomen, and is # piorced by 
several tubular organs which pass from one cavity to the 
other. In many ways the endoHteruile of a scorpion is 
like a diaphragm. It is composed of condensed connec- 
tive tissue fibres, and } loS obliquely between the cephalo- 
thorax and abdomen, so that its thoracic face may be 
called either dorsal or anterior, and its abdominal face 
ventral or posterior. The endosternite is shaped some- 
what like a bird with outstretched wings. It bears 
several pairs of projections, which give attachment to 
muscle fibres. It is pierced by the alimentary canal and 
the nerve-chord, and by* the blood-vessels which accom- 
pany these structures. In order to remove the endo- 
sternite, open* a scorpion and leave ij in water until it 
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begins to rot, when tho organ win easily be pulled out. 
its muscle attachments brushed off, and the apertures 
examined. Tf the scorpion be soaked in caustic potash, 
the endostcrnite will he dissolved, together with the soft 
organs. This fact shows that the endostcrnite is different 
from other chitinous structures within the cephalothorax, 
which are not dissolved by caustic potash. The chitinous 
structures to whitfh I refer, are formed as ingrowths 
from the skin in connection with the various appendages, 
and give attachment to muscles. 

Xrm>HH Si/slrm. --The cerebral ganglia can he seen at 
an early stage, of the dissection; when tin* carapace is 

raised, the median eyes become detached from the trans- 

• * 

parent, chitinous cornea, which covers them. Tho eyes 
can then he seen as conspicuous black bodies which are 
connected. with the cerebral ganglia by means of two 
stout nerves. The optic nerves are conspicuous, and 
indicate the position of the cerebral ganglia, which lie in 
contact with one another upon the upper siirlace ol the 
oesophagus. Tho cerebral gaifglia also give off smaller 
nerves to the marginal eyes, and are connected with the. 
suboesophagoal ganglionic mass by means of two short, 
stout connectives, which embrace the. oesophagus. These, 
are easily broken; when Hits carapace is raised tho optic 
nerves pi\ll on the cerebral ganglia so as to break the 
connectives. Jlelew the alimentary canal iH a large 
ganglionic mass which occupios'much of the floor ol the 
cephalothorax; this gives off a number of nerves, one to 
each of the six pairs of appendages. From its posterior 
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Tin: Scohpios (Buthus a/>). 

A. Ventnil aspect of thorax, 1. eholicera; 2. huso of podipiilpii^ ; 

3, 4, 7, and H. bases of tho four walking legs ; ft. the sternum ; 
6. genital operculum ; 2. pcctcn ; 10. opening of lung book ; 
11 1st caudal segment, ('[hero should lie a larger number of 
teeth on tho pfeton.) 

B. foul aspect. 1. cholicora; 2. lateral eyes; 3. serrated base of 

pcdipalpuH, used for mastication ; 4. mouth ; ft. lahnim. 

G. Dorsal wal^of tho he irt, cut out to show a pan of ostia and their 
surrounding vnhes viewed from the inside. 1. margin of 
\al\o; 2. ostium. 

I ). Heart and pericardium \ iowed from the side, showing one ostium. 
E. Diagrammatic section through heart and pericardium dose to a 
pair of ostia. 1. wall of heart; 2. wall of pericardium, 
3. \entral artery; 4 and ft dorsal and ventral pericardial 
muscles. Tho arrow indicates one of the ostia. 
i\ A lung took. I. tho air chiimbur ; 2. the external aperture. 

U. The lung hook in section. 

U# The digestive oigans, etc. 1. median eye, 2. cerebral ganglia ; 
3 salivary glands; 4. tho intestine; ft. the ovary; it. mal- 
pighiuu tubes; 7. nones to lateral 0)ex, H. co\al gland; 
*J. endosrernito; 10. liver. 

J. Organs exposed after removal of tho abdomuml carapace.. 

1. median ejes; 2. hitcrul eyes; 3. heart lying within peri- 
cardium; 4, dorsiicntrul muscles, piercing the hvor ; ft. a 
developing embryo. 

K^h e ncrious system, etc. 1. cerebral ganglion ; 2. cox^l gland ; 

3. ^ho oviduct; 4. lung book; 5. thoracic ganglionic mass; 
* G. 2nd alxl. ganglion. 

L. Endostcrmte removed and viewud from the side. 1. intestine; 

2. nerve-chord. 

M. Eudostcrnite from atovc. 
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end the ventral nerve-chord is given off, and passes into 
the abdomen, accompanied by a pair of nerves, which lie 
for a short distance one on either side of the nerve-cliord, 
but end in tho region of the first Ring book. In the 
abdomen tho nerve-chord is double, and is provided with 
three pairs of ganglia, which distribute norves as shown 
in the diagram ; the nerve-chord is continued into the 
tail, in every segment of which is a ganglion. 

The Ilesijnmtnrn OnjtniH. —These consist of four pairs 
of lung books which open upon the abdominal sterna. 
To examine them properly, one of the abdominal seg- 
ments should he. cut out and soaked in caustic potash ; 
this may bo done when tho dissection of the other organs 
is completed. By this treatment everything but cliitin 
will be dissolved, and tho true form of the organs, which 
are wholly composed of cliitin, will be seen. A Jung 
book consists of two parts — a ventral part or air chamber, 
which opens to the outside, aud a dorsal part, which 
resembles the leaves of a hook. The respiratory leaves 
are attached below to tlft roof of tho chamber ; otherwise 

9 

they are quite free, although they touch one another 
like tlTe leaves ot .• book. In the roof of the air chamber 
are a number of linear apertures set parallel with one 
another ; air passes through these apertures into the 
respiratory leaves, for e'ach leaf consists of twojbhin layers 
of cliitin united at their edges. In Girder to understand 
how respiration is carried on, the student must remember 
that blood lies between the leaves and air lies within 
them, between their component layers. The leaves do 
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not project into ihu air chamber Imt into the cavity of 
the abdomen, like the leaves of a l>ook which is lyin«» 
upon its hack. They lie within a sinus, nr blood space, 
which is surround^] by a delicate membrane. Thu mem- 
brane hides the respiratory leaves from view, until it is 
dissolved by the caustic potash. 



CHAPTER VII 


1NSKCTA 

The Insects form tho largest group of the animal king- 
dom ; it has been estimated that ovor a quarter of a 
million of different species have beon described, but there 
must be many more than this in the world. Besides 
being tho largest, they are one of the most definite 
groups ; there is never a doubt ns to whether an animal 
is an insect or not. The body of an iusect is clearly 
separated into three regions- the head, thorax, and 
abdomou., The head boars four pairs of appendages, a 
pair of aiiteunao and of mandibles, and two pairs of 
maxillae. The thorax ; s composed of three segments, 
named the pro-, moso-, ilnd metathorax,. each of which 
bears a pair of walking logs. In many injects tho meso- 
and mekthorax each bear a pair of wings. The abdomen 
contains from fivo to ten segments, which are devoid of 
appendages. The method of respiration is peculiar to 
the class. Homo of the Arachnids however, share the 
peculiarity. Air is carriod to all parts of the body by a 
system of tubes or tracheae, which open to the outer 
world in a row of laterally placed apertures called the 
stigmata. The tracheal tubes are kept open by a spiral 
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thickening of the inner wall: they ramify through all 
parts of the body, their minute terminal twigs can bo 
seen with the help of the microscope King between the 
individual cells of the body, that is to say, they are in 
the same relation to the tissues as the blood capillaries 
of other animals ; accordingly, we find that the vascular 
system is poorly developed in Insects. This distribution 
•of air^throughout the l)ody lessens the specific gravity of 
the whole, an imi>ortunt fact to a Hying animal. The 
vascular system is poorly developed ; there is a tubular 
heart placed dorsally. The excretory s\ stem consists of 
a large number of delicate tubular outgrowths from the 
gut which are called riialpighiau tubes. 

The nervous system iH of the typical Arthropod type, 
hut the cerebral ganglia aro much larger than in other 
Artljropodg. The sexes are separate, the generative 
organs open at the posterior end of the abdomen. 
Parthenogenetic development occurs in some insects, 
that is to say, eggs may develop for many generations 
without being fertilized by a male cell ; this phenomenon 
occur* in the bees ami aphides. There are many orders 
of Insects. AYe shall examine the cockroach, wliicli is 
one of the Ortlioptera. 


Till? COCKROACH (l^riphunta auHlmlin) 

Cockroacnes are common uirouguoui mum, uuu can 
generally be found where food is stored. After leaving 
the egg they cast pff their skin or moult from timo to 
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time as they grow. The wings do not appear until* the 
last moulting. In a European species of cockroach the 
males are wingless. 

External Structure. -The head is attached to the 
thoraxljy a soft neck, and is therefore distinct and freely 
movable. It is expanded laterally, but compressed from 
before backwards. It is somewhat like a wedge with the 
apex downwards. On either bide of the head are the 

compound eyes, which are black and glossy. Examine 
them with a lens in order to bee the component elements. 
On either side in front of the eyes is a large oval space 
, filled with soft skin to which the antennae are attached ; 
close to the upper and inner margin of this space is a 
circular while spot called the fenesto. The anterior 
surface of tho head is known as the clypeus ; it is broad 
above, but becomes suddenly narrow below, .and gives 
attachment by means of a hinge to a leaf-like plate called 
the labrum, A\hich lies in Ironl of the mouth. Tho top 
of the head is called the epicranium; the sides of the 
head, both behind and* below the eye, are called the 
genae. ( Much of the sides of the head below the letel of 
the eyes is occupied by the mandibles. 

Appciuhijrs of the Ilvad. — As in all insects, there are 
four of these : one pair of antennae, a pair of mandibles, 
and two pairs of maxillao. The antennae are slender 
tapering rods, containing many joints. The mandibles 
are flattened pieces of clfitin ; each is limited by an outer 
smooth curved border, which can be seen below the 
genae and behind the clypeus, and, an inner border 
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whigh hears a row of six or seven triangular teeth. The 
inner borders of the mandibles meet one another below 
the mouth, so that the teeth interlock. The mandibles 
appear as though fastened to the genuo, but their real 
points of articulation are in front of and behind the line 
which separates the mandibles from the genuo. 

/m/V Mtu ilfor, — The lirsl maxillae, which are 
situated just behind the mandibles, are rendered con- 
spicuous bv their long pulps. Each contains a basal 
portion composed of two segments, the cardo and stipes. 
The cardo is fixed to the head, and the ;tipes is attached 
to the cardo, at right angles to it. The stipes bears three 
things, externally a long fivo-jointed palp, and internally 
the lacinia and galea, which are closely associated with 
one another; the lacinia is shorter than the galea, and 
is set with a row of stiff hairs along its inner border. 

Srmjiil MnuUm (Ltilmim). -As in all iijsects, the 
second maxillae are united in the middle line to form a 
single, plate-like structure known as the labium. Thu 
right ami left halves of the luMum, considered separately, 
hunt a strong resemblance to the first maxillae. 'J'iUL. 
broad basal portion consists of two pieces, mentum and 
suhmentuui, both of which are attuched to the head 
below the insertion of the neck. In spite of its name, 
the subpientum is abovo the mentuni. The mentum. 
gives attachment 4o a pair of three-jointed pulps, between 
which lies a hilolxsd process allied the ligulu; each lobe 
of the ligula terminates in two pieces, which are some- 
times called glosga and para&lossa. 



182 AN INTRODUCTION TO BIOLOGY 


The Thorax . — The thorax contains three segments, 
callecHhe pro-, meso-, and metathorax, each of which is 
protected by a dorsal, a ventral, and lateral plates. The 
dorsal plate or pronotum of the prbthorax is much 
larger than those of the other two segments from which 
tlio wings arise. On eithor side of each segment is a 

pair of narrow curved plates which are in close contact 

■ 

with one another ; to the posterior member of each pair 1 
the walking leg of the segment is attached, and the lower 
end of the anterior plate is x'astened to the sternum of 
the same segment. The sternal plates are narrow and 
inconspicuous. Each thoracic leg coutains ten seg- 
ments. Counting them from the base of the limb, the 

• 

first is called the coxa, the others in succession are 
named trochanter, femur, tibia, and tarsus. Tho name 
tarsus is applied to the six smnll segments which 
terminate# the limb. The last segment of all is called 
the pulvillus; it bears a pair of claws. There are two, 
large tracheal openings, or stigmati^ on eithe r sid e of tjia 
tliorax. • 

The Ab(toimn . — The abdomen contains ten segments, 
the first seven of which are obvious. The segments are 
protected above and below by tergal and sternal plates, 
which are in contact with one another on either side. 
Posterior to the 7th segment are the small, 8th and 
Hth segments, which are placed as though they have 
been pushed forwards btmeafh the 7th segment. The 
10th segment forms a terminal plate, like the tekon 
of a prawn ; it is flattened horizontally, and is divided 
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into two wings by a deep median notch ; on either side 
of its base are two jointed tapering rods, tho cerci. The 
let segment has no sternum. The sterna of the last 
three segments differ in the two sexes. In the male the 
sternum of the 9th segment bears a pair of styles, in 
the female the seventh sternum is much enlarged, and 
lookB like the forepart of a boat; it encloses a cavity 
* called tho genital® pouch. Beneath the anlcro lateral 
angles of each of the lirst seven abdominal terga is a 
respiratory opening, or stigma. 

Circulatory St/stan . — The heart of a cockroach is u 
segmented tube which lies close beneath the terga in 
the middle line of the abdomen and thorax. The heart 
should be examined in the living insect Indore it is 
killed for dissection. With the help of a leiiB, the 
cor\|;ractiqp of the heart can easily be watched through 
the transparent terga. The rhythm is so fast that it 
is difficult to count. The heart is provided with ostia, 
and is much like that of the Hcorpion ; but it is smaller, 
and more difficult to investigate. A good method is to 
remove the organ subsequently by cutting out tho 
median strip of tho torga to which it is adherent; it 
can then be examined microscopically from the inner 
side; it may be lightly stained and mounted in Canada 
balsam. . 

• Internal Anatomy. — Cut off tho wings and legs, 
and pin out the body l^eneath Crater ; remove the terga 
of all the segments by cutting with scissors along either 
side. The heart- taina adherent to the terca. will be 
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removed along with them. The body appears filled#with 
a llocculent white material called the fat body, among 
which lie the digestive organs. The alimentary canal 
must be gently separated from the 1 fat body. It is 
fastened to the sides of the abdominal cavity by several 
glistening white threads, which must be cut. These 
threads are the tracheae , which carry air from the 
stigmata to the walls of the nlimentafy canal. * 

c 

Ali limitary Canal . — This consists of a crop, 
gizzard, mid gut, and hind -gut, and is provided with 
three sots of glands— salivary, digestive, and excretory. 
The best way to see the first part of the alimentary 

canal, which lies within the head, is to split the head 

« 

of a second specimen exactly in the middle line with a 
razor. On examining the cut surface, the oesophagus 
will be soon as a brown curved tube, surrounded by 
white, fatty material. The oral aperture is guarded in 
front by the narrow part of the clypous, on either side 
by the base of the mandibles, and behind by the base 
of the lingua. The lingifti is a median cliitinous process, 
about two millimetres in length, placed between the naouth 
and the labium. The duct of the salivary gland opens at 
the base of the lingua on its posterior aspect. If the 
lingua be torn off, part of the salivary duct comes away 
with it. The salivary duct .is lined with a spiral thicken- 
ing, and has a remarkable resomblanqe to a trachea. 

The examination ofo the intestines may now be 
carried on in the dissection from above. The student 
must first observe that there are two encircling clusters. 
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of tubes attached^ to the alimentary canal ; the jintoxior 
of these consists of eight short, stout tubes, or cocoa, 
which secrete a digestive ferment^ the posterior cluster 
contains twenty io thirty long, slender yellow tubules, 
which are called malpighian and are believed to 
have an excretory function. That part of the canal 
which lies between these clusters of Luhes is the 
•mid-gut, and is developed in the embno from endo- 
de.rm; that part of the canal which lies in front ot 
the digestive tube, and that which lies behind the 
excretory tubules, including these, tubules themselves, 
are ectodermal in origin. The first and last ectod er mal 
portions, of the c arnal are called the stomodeinn and 
proctodeum respectively. The stomodeuni consists 
firstly o f _tho oesophagus, which lies in the head: 
^secondly, of a long, thin- walled sac called the crop, 
which occupies the thorax and part of the i' ; 1mIoiiioii : 
and thirdly, of the gizzard, a small spherical body 
which contains eight large cliiti nous teeth. The 
gizzard opens into the mid-gift; the passage between, 
the Uvo is guarded by a runnel-like valve. The mid- 
gut is comparatively short, : it joins the proctodeum, in 
which three portions are recognized a shorty narrow 
ileum, a long white colon, and a short expanded rectum ; 
the anal opening is beneath tho 10th segment, juuL-k- 
gugrded on either ^de hv a pair o f pedicle plates . Tim 
inner wall of the rectum iH raijed into si\ ridges, which 
project into and nearly block up the tube ; they are 
called rectal glands. 
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The Salivary Gland *. — These Jie o n either Bide of 
the crop in it s anter ior half. The glands of the right 
and left side are quite separate from one another; 
moreover, the gland of either sidd consists of two 
portions, an upper and lower, between which is placed 
an elongated sac, the salivary receptacle. The receptacles 
and the glands of either side have each their own duct, 
which first meet their fellows of the opposite side beford 
becoming united in a single duct. The salivary duct 
enters the head beneath the norve -chord,* and opens at 
the base of the lingua. 

The student should remove the alimentary canal, 
and cut it open from end to end. The gizzard and 
other parts should be examined with the microscope. 
Each malpighian tube is accompanied in its whole 
length by a fine tracheal filament; this demonst rates 
how the.air-tubes replace the circulatory system. The 
salivary glands are very beautiful objects beneath the 
micioscopo, and will teach the student the nature of 
gland tissue. The glahd cells, with their contained 
secietion, which is seen as large bright granules} and 
their relation to the duct iuto which the secretion is 
poured, can be seen with much satisfaction. 

Res piratory Sy stem . — The stigmata, or outer openings 
of the tracheal tubes, have been examined. The tracheal 
tubes ramify through all the body ;• among them may 
be mentioned one on either side close to the body wall, 
which places the several stigmata of a side in communi- 
cation with one another; also four large tubes which 
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surround the oesophagus as it enters the head, and a 
pair of smaller tubes which lie one on either side of the 
ventral nerve-chord. The tracheal tul>es are lined by 
a spiral thickening of cliitin, which acts liko a spring, 
and prevents the tube from collapsing; this may lie 
pulled out from the tube like a coiled thread. Th e air 
in the tulies is renewed in the following manner. The 
Abdomen is compressed by dorsovontral e xpi ri tto ry 
muscle?. This movement drives air out of the. tubes; 
when the muscles become relaxed, the tubes regain 
their normal size owin g to the elasticity conferred by 
the spiral thickening. 

Nnrom Si/ntem . — This is of the usual Arthropod 
type. The ventral nerve-chord in the abdomon is 
already exposed. In the thorax it is obscured by 
muscular hands, which must be cleared away; the 
ventral nerve-chords in the neck are freely toxposod 
after the removal of the crop. They must bo traced 
upwards until they outer the head. The epicrunium 
must now be removed in order to see the cerebral 
ganglim hich lie among fatty material opposite the 
fenestra. * The_ ganglia are a pair of conspicuous 
spherical bodies, each of which is divided into two 
lobes, an olfactory lobe which supplies a nerve to the 
first antenna, and an optic lobe which sends a nerve 
to the ^ eye of the .same side. There is a system of 
gastric n erves connected with the crop; this. consists 
principally ill a small ganglion, which lies upon the 
oesophagus in front of the brain and gives off a 
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median nerve which passes beneath the brain and 
divides into two branches to end in the walls of the 
crop. The cerebral ganglia communicate by the cir- 
cumoesophageal commissures with ftie suboesophageal 
ganglia, which supplies nerves to the mouth parts, 
and is joined by the ventral chords of the neck. 

There is a large ganglion in each segment of the 
thorax ; the ventral nerve-chord in this region is obviously 
double. In the abdomen there are six ganglia united by 
a chord which to the naked eye appears single ; the sixth 
ganglion gives off two nerves posteriorly which diverge. 

Thv Gnirratirc Orymix . — These are found in the 
posterior end of the abdomen. In the female there are 
a pair of large ovaries, a spermatheca, and a pair of 
colleturial glands. Tho ovaries each consist of eight egg 
tubes, which are separated from one anothgr except at 
their ends; at one end they unite in tho oviduct, at the 
opposite end they come together and taper to a point. 
Kach egg tuho presents a beaded appearauce due to the 
contained eggs, which irfcroase in sizo towards the oviduct. 
The oviducts are a pair of short, capacious tubes^which 
unite in a common opening on the 8th segment. The 
spermatheca is a small club-shaped body which lies close 
behind the sixth ganglion of the abdomen; it opens 
behind the oviducts. The spermatheca lias a short, 
narrow, coecal outgrowth, and therefore resembles* the 
spermathoca of many of*the earth-worms. The colleterial ' 
glands are a pair of conspicuous tree-like organs, which 
lie on oitlior side of the rectum ; the f one on the left side 
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is mpch larger than the other: they open separately 
behind the spcnuatheca. These glands secrete the egg 
capsule. The eggs are laid sixteen at a lime ^/.c. one 
from each egg tutte), and are enclosed together within a 
large oblong capsule. While the capsule is being formed 
it lies within the brood pouch, hut projects from it before 
completion. 

The generative •organs o*f the male consist of the 
testes^vesicula seminalis, and conglobate glands. The 
testes and they: ducts are very difficult to see in the adult; 
they lie among the fat body beneath the fifth and sixth 
terga; their ducts are fine threads which open into the 
vesicula seminalis. This vesicle is also known as the 
mushroom-shaped gland ; it is a conspicuous white-tufted 
body with a stalk-like duct which opens below the anus. 
The conglobate gland is a large club-shaped organ which 
lies beneath the posterior end of the nerve-chord; it often 
extends as far forward as the fifth ganglion, and usually 
lies to the left of the middle line; it opens independently 
below the anus. I n Jjgth sexes there, are a number uf 
chitinpus outgtowths in the neighbourhood ol the. 
generative apertures; these are the gonaphopliysis. 


TIIE MOSfjriTO (. I iin/iln'Ii'H roKnit) 

.The study of mpsquitoes is important to the medical 
student, for it is these insects which by their bite infect 
man with malaria. The student must learn to recognize, 
the Anopheles mosquito at all stages of its life-history, 
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Tub Cocmioai'ii (I'niplnneta australis). 

A. If clypeus ; 2. mandible ; 3. labrum : 4. fenestra ; 5. maxilla ; ft. 

labium; 7. premium; Hand 9. thoracic stigmata; 10. com- 
pound qye. (Soft membrane of thoracic wall it block.) 

B. Mpdian section through the head. 1. the mouth ; 2. nuimlibln; 

3. labrum; 4. lingua, ft. luhiuiu; 6. salivary duet ; 7. oeso- 
phagus; 8. brain; 9. sulioes. ganglion. * 

C. Tbo piouth parts. 1. elypous; 2. labrum; 3. mandible; 4. 

maxillary palp ; 6. stipes ; G. cardo ; 7. galea ; H. lacinia ; 
9. paraglossa; 10. glossa; 11. labial pulp; 12.* liiuntuin ; 13. 
Bubmentum. 

]). Female generative organs. 1. ovary; 2. oviduct; 8. spermathoca ^ 

4. rectum; 6. collutcrial glands; G. toriniiial ganglion.' 
(Bight OMiry has l>ccu removed.) 

K. Dissection of male cockroach. I, 1st thoracic log* 2. eye; 
8. subo' s. ganglion ; 4. cerebral ganglion ; fi. gaslric*gaiiglioii ; 
G. crop; 7. salivary gland; 8. salivary vesicle; 9. hepatic 
coeca; 10 mid gut; 11. malpighian Lulies ; 12. small intes- 
tine; 13. largo iutohtine; II. rectum; 16. seminal vesicle; 
1G. conglobate gland ; 17. traclical lulies , 1H gi/tsard ; 19. 
thoracic ganglia. 
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Iwcausa they are different among the several speciep. A 
short distance behind the brushes are the antennae, 
which project prominently on either side of the head 
and end in a pair of lanceolate scalds and a branching 
liair. Between the liases of the antennae are six 
branching hairs set in a line across the upper surface of 
the head. On the sides of the head behind the antennae 
are the largo compound eyes. Between the eyes arG 
patchoH of pigment, which are arranged in a variable but 
symmetrical pattern. 

In order to see the mouth the larva must be examined 
from the ventral aspect. The mouth is flanked by a pair 
of mandibles and a single pair of maxillae, which hear a 
large palp. There is a small pointed labium, or lower 
lip, behind the mouth. 'Hie thorax is nearly globular, 
and shows no sign of division into three segment*}. It 
hears several groups of long branching hairs, the 
arrangement of which is shown in the diagram. The 
abdomen consists of nine separate segments. On 
tlu upper surface of fiach segment from the second 
to the seventh is a pair of “palmate” hairs, which 
resemble tho leaves of the tari palm. On the upper 
surface of tho 8th segment are the openings of the 
trachea ; these openings lie upon a kind of plate which 
is separated from the Oth segment by a deep groove, 
and has a dentate margin. The «9th segment bears 
three or four stout branching hairs, which protrude 
behind ; and a kind of rudder, ‘which projects ventrally 
hi the middle line and also carries lo^jg branching hairs. 



INSECTA 195 

The sums is at the end of the 9th segment ; on either 
side of it is a pair of papillae. 

<irow1h and UabiiH of the Lana . — A living larva 
should be placecf in a glass of water and carefully 
examined. When undisturbed, it usually lies at the 
surface, close to tho water’s edge. The water should 
bo looked at from below, so that tho under Burface 
teflects light like nPmirror. Whon the larva has risen 
to the surface it lies parallel with it, and its back Beoms 
to project from the water ; this is because the palmate 
hairs break the surface film. Immediately the animal 
arrives at the surface, it twists its head completely 
round, so that tho ventral or oral face is uppermost, 
and executes rapid movements with the brushes, ns 
thoiigh sweeping a mirror. The surface of putrid water 
is coyered .with a film of minute orgnnismH, seeking, 
light and air, it is these which the larva sw<jepH into 
its mouth by means of its brushes. Whon disturbed, 
it glides with a twisting movement along the surface, 
or descends in the water. Laftrne of all sizes have a 
frequent habit of bending the head round until it^ meets 
the tail ; this is probably to clean the tracheal openings. 
As the larva grows it frequently casts its skin. The 
time which is occupied in attaining full growth depends 
upon the temperature, which influences the amount of 
the. available food.* The period is probably never lesB 
than a week, but it may be prolonged for eight months 
in temperate climates. ‘The period in India is usually 
from a week to t^n days. Growth is rapid in water 
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containing rotting leaves, especially when the weatlier is 
warm. If mosquitoes are allowed to deposit their eggs 
in an infusion swarming with Paramoocia, it will be 
found that when the larvae aro mature, scarcely a single 
Paramoecium remains in the infusion. When the larva 
has attained its full size, it sometimes shows a tendency 
to sink in the water, and to hang vertically from the 
surface; when this stago is reached, it will throw off 
the last larval skin and appear as a pupa. 

This Pupa. — The pupal stage is one t>f rest. The 
pupa does not possess a mouth or an anus; the only 
openings aro upon a pair of syphons, through which air 
is admitted to the tracheal system. The outer covering 
of the pupa protects the body of the Anopheles, whilo 
it undergoes a complete rearrangement, which results 
in the formation of the organs of the imago. « The .pupa 
consists *of a swollen ovoid body, which contains the 
head and thorax of the mature insect, and a jointed, 
tail-liko appendage, which contains the abdomen. The 
eyes, antennae, mouth “parts, wings and limbs of the 
mature insect can be seen through the pupal* case. 
The respiratory syphons are attached, one on either 
side, behind the eyes; they are somewhat like a cono 
of twisted paper from the rim of which a large piece 
lias been cut out ; there is a joint in the middle of the 
length of each. 

The tail is held bent under the head, so that, to the * 
naked eyo, the animal looks like a comma. The tail 
or abdomen contains nine segment^, and is provided 
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with*several hairs, the most conspicuous of which are 
some stout, black bristles protruding from the aides. 
There is a pair of such bristles in each segment; 
those on the last or 9th segment are branched. The 
tail ends in a pair of elongated platos, by means of 
which the animal swims. When undisturbed, the pupa 
remains just below the surface of the water; the margins 
bf thejrospiratory siphons break the surface film so that 
air can enter the tracheal system. The pupal stage is 
of very shorfr duration ; in tropical climates it usually 
occupies forty-eight hours, hut it may lx 1 shorter ovon 
than this. The pupal case splits, and the imago comes 
out from it; this usually occurs towards evening, hut it 
may occur at all times, even in strong sunshine. 

Tiib Imago. — Mosquitoes belong to the order of the 
Diptgra, \^Jiicli also includes the common house flies. 
Most winged bisects possess two pairs of wjjigs, but 
dipterous insects have only one pair. In placo of the 
second pair, they possess organs called hal tores, which 
are somewhat like drum-sticks in appearance. The body 
of the mosquito* consists of a head, thorax, and abdomen. 
The head 'bears the stylet-liko mouth parts, with which 
the female mosquito pierces our skin, injects the secretion 
of its salivary gland, and sucks blood for its food. The 
elongated mouth parts of the mosquito, at first sight 
show no resemblance to the short biting organs of the 
cockroach. The mouth parts oflbhe^bee are intermediate 
in type between the two* extremes, for the mandibles of 
the bee are short # dentate pieces, as in the cockroacH, 
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bat the maxillae are elongated -structures, which are* used 
for licking up pollen and honey. 

Examination of the imago must be made under the 
low power of the microscope. 

Head of the Female, Annpheles . — The sides and part 
of the upper surface of the head are occupied by the 
large compound eyes, which are nearly in contact with 
one another, both above and below. fL’he eyes are sepa- 
rated posteriorly by a V-shaped area called the vertex, 
which is covered with long, hair-like scales. In front 
of the eyes is a triangular area which is prolonged 
anteriorly into the clypeus, a lobe overhanging the baseB 
of the mouth parts. The antennae are attached in front 
of the eyos ; they are composed of lifleen segments : the 
1st or basal segment is expanded. Each joint of the 
antenna is encircled by a row of small ljairs. , The 
mouth parts are nine elongated rodH of approximately 
equal length, seven of which are included in the 
proboscis. These seven aro the labium, the labrum, and 
hypopharynx, the two rftandibles, and the two maxillae. 
The labium, which is homologous wftli that ef the 
cockroach, is posterior to the others, it is terminated 
by a pair of short, leaf-like pieces called the labellae. 
When the animal sucks blood, these labellae rest upon 
the skin of the victim ; the stylets are pushed between 
them and enter the skin. The labium does not enter 
the skin, and must therefore be bent backwards like a 
bow when the other parts are thrust deep into the skin. 
The anterior side of the labium is m a deep groove in 
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whish the other month parts lie ; the other aideB of tho 
labium are covered with scale-like hairs. The labellae 
are white; the reBt of the labium is black. The six 
pieces which ent&r the skin of the victim in biting are 
the labrum, the two mandibles, the two mnxillue, and the 
hypopharynx, or tongue. 

The Labrum. -This is anterior to the others. It is 
a hollow cylinder <fr tube, open by a slit ou the posterior 
side ; the end of it is pointed. It is comparable to the 
labrum of the cockroach, for its posterior surface, i.e. 
the inner surface of the tube is continuous with tha 
lining of the oesophagus. In feeding, blood and other 
fluids pass up this tube into the oesophagus. 

Hypopharynx (or Limjua ). — This lies posterior to the 
mouth, between it and the labium, that is to say, in the 
sorpe position as tho lingua of the cockroach; but, whereas 
in the cockroach the duct of the salivary glands opens at 
the base of the lingua, in the mosquito it opens at the 
apex. The hypopharynx is like a straight but flexible 
two-edged sword. Under theliigh power of tho micro- 
scope the saliVary duct can ho seen iu tho axis of the 
organ. * 

Mandibles and First Manillar. - -These are two pairs 
of stylets, each of which is armed near its termination 
by a row of saw-like teeth, and ends in an acute point. 
The ends of the mandibles are straight and very finely 
serrated. The maxillae are curved towards their ends ; 
their serrature is coarSe, and placed on the convex sido 
of the curve; ,when, however, the maxillae are toot^ 
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properly flattened, the teeth appear under the miero- 
scope as though placed on the concave Bide. The 
maxillary palps are covered with hair-like scales. Each 
palp is composed of four segments. In* Anopheles rossii 
the whole of the small terminal segment of the palps, as 
well as part of the next, are white, and there are two 
other white bands situated at the other joints. 

Head of the Male . — The male call be distinguished 
from the female with the naked eye. The antennae are 
longer and more plentifully provided with •hairs. The 
maxillary palps are longer, and the last two joints are 
broad and conspicuous. There are no mandibles in the 
male, and the hypopharyux is fused with the labium. 

Thorax . — The thorax is liko a pyramid with the apex 

• 

placed vontrally ; it is the largest part of the body. As 
in all insects, it consists of three segments: jhe pro-, 
meso-, aiu| metathorax, each of which hears a pair of 
legs. The mesothorux is provided with a pair of wings, 
and the halteres take the place of the posterior or raota- 
thoracic wings of other lflsecls. Thero is difference of 
opinion as to which of the various plates forming*the 
wall of the thorax belong to any particular segment. 
When viewed from above, the thorax appears threefold ; 
the anterior division occupies morfithan ^roe-quarters 
of the whole ; it may be called the pronotum. Posterior 
to it is a narrow band, the mesonotum,<on either side of 
which the wings are attifbhed. Posterior to this is a 
curved heart-shaped plate, wliicfi may be called the 
*ne£anotum, on either side of which^ a?e the halteres. 
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As in the cockroach, there are two pairs of tracheal 
openings, or stigmata: the anterior pair are much the 
larger ; they are placed near the centre of the side wall 
of the thorax. The posterior smaller pair lie holow the 
halteres. 

The Wim/8 and />//«. — The spotted feathery appear- 
ance of the wings is vory characteristic of tho Anopheles, 
l’he wjngs are supjArted by nervures, to which lanceolate 
scales are attached ; the nervines have received names 
which are df systematic importance. The student 
should observe that tho front margin is composed of 
a feathored nervnrc, close behind which is another lying 
parallel with it in its whole length; between tlie two, 
and partially hidden by them, is a third nervuro, which 
is only about half the length of the others. Tosterior to 
these»are fWe other nervures, three of which are forked; 
two of them are incomplete, and do not roach toJiho base 
of the wing. .Besides these there are four very short 
transverse nervures, which unite and strengthen certain 
of the longitudinal ones. The* three pairs of legs are 
attached close together to the u|>e\ of the thoracic 
pyramid ; in their segmentation they resemble the legs 
of the cockroach, except that the coxa is relatively much 
shorter and the tarsus much longer. The pigmentation 
of the legs differs in the several species. In A. rossii all 
the joints between the several segments of tho limbs are 
white, but the segments are pignfenl^ed. 

Abdtmen .— Consists ol eight segments, each protected 
by a dorsal tergum and a ventral sternum. On either 
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side is a row of six stigmata; they are hidden* and 
difficult to see. In the male the abdomen terminates 
in a pair of pointed organs called claspers, which are 
bent inwards towards one another. Jn place of them in 
the fomale are a pair of lobes, or ovipositors. 

Intebnal Anatomy. - Although the internal anatomy 
of so minute an insect is difficult to Btudy, the alimentary 
canal can be easily examined, and it is importai^ thaf? 
the Btudent should be able to perform tho dissection 
necessary to display it. Remove the legB and wings 
from a freshly killed mosquito, and place the body in a 
drop of Balt solution upon a glass slide. With needleB or 
forceps pull the hoad from the thorax. It will generally 
be found that the salivary glands and port of the oeso- 
phagus remain attached to the head, and hanging from 
tho Btump of the broken neck. . , 

Salivarji Gland*. - The salivary glands are six finger- 
like l)odies, each of which is a tubular gland. Thu 
glands should be cut away from the head with a needle, 
covered, und examined under the high power. Tho cells 
of whfch they are composed contain oval drops 'of an 
oily secretion, which may be so lurge as to occupy 
nearly the whole cell. Among these cells the filiform 
sporozoites are found in mosquitoes which are infected 
with malaria. The salivary glands lie naturally within 
the anterior part of the thorax, three on each side. 
Each group of threg pRur their secretion into a single 
duct ; the ducts of either side ilnite in a common duct, 
which enters the base of the hypopharynx and onens at 
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its apex. The three glands of a side are not all alike. 
The middle one, which lies between the other two, differs 
from them in the appearance of its cells. It is probable 
that this middle one represents the salivary receptacle of 
the cockroach, which lies between the two glands of a 
side. 

The Mul-jiit, <’tc . — In ogder to display the remainder 
of tjje alimentary canal, the abdominal wall must bo 
incised about halfway between the middle of its leugth 
and the posterior end. In order to do this, place the 
decapitated mosquito upon a glass slide in a drop of salt 
solution; take a lino needle in either hand, and at the 
( gpot selected for incision lower the points of tho noodles 
on to the margins of the abdomen, and press them 
against the glass. Having incised the abdomen in this 
manner, transfix the thorax with one ueedle close to tho 
bases of the legs, and place the other needle on the 
terminal segment of the abdomen. Press the points of 
the needles firmly on to the glass, and draw them upurt. 
Tho alimentary canal will be dragged out of the thorax 
and*larger part of the abdomen, but will remain attached 
to the tefminal segment. The anterior broken end of the 
alimentary canal will generally be found to lit the broken 
end of the oesophagus, which is attached to the head, so 
that the whole length of the canal is displayed lying in 
writ solution. If*the mosquito is freshly killed, active 
peristaltic movements will be ifeen in the mid* and hind- 
gut. 

The most noticeable part of the canal is the mid-gut, 
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a pyriform sac which is of a narrow girth anteriorly, «nd 
widens out towards its posterior attachment; at its 
anterior end is a small proventricle (homologous with 
the gizzard of the cockroach). The posterior end of the 
mid-gut joins the hind-gut; at the junction five long 
malpighian tubos are attached. The malpighian tubes 
are visible to the naked eye as white threads ; their com- 
ponent cells are so large as to be Gadfly distinguishable 
under the low power of the microscope. 

Anterior to the proventricle ’s the crop, » voluminous 
tliin-walled tube, to which is attached one or more air 
sacs. There is always a largo air sac attached near tlio 
provontricle, and there are often one or two smaller ones, 
further forwards. These sacs usually contain air bubbles, 
but thoy may contain blood after the mosquito has fed. 
The large sac is visible to the naked eye as.a silvery 
white spo^ 

Habits of th*' Imatjo . — Mosquitoes of this species may 
be found throughout the year in Calcutta, but they are 
particularly common indbors at the commencement ef 
the rainy season. Thoy are to be found resting difring 
the day in dark corners, especially under the low roofs of 
huts and cowsheds, but they are liable to be overlooked 
because of their resemblance to the pointed ends of nails, 
which one naturally expects to find in such places. 
Anoplieline mosquitoes have this appoift-ance because the 
axis of the body is held ^nearly at right angles to the 
surface upon which it rests. By their attitude they 
may be distinguished from culiciue mosquitoes, which 



TNSECTA 


205 


rest, with the hotly close to the surface, ami more or 
tess parallel with it. The characteristic attitude of the 
resting Anopheles is a useful aid to identification, but 
it is not invaAiMo. Culex, however, always looks 
“humped-backed,” because the prolioscis and the l>ody 
meet at an angle, whereas in Anopheles these parts lie 
in a straight lino. Conflicting statements have been 
'made about tlio development and deposition of the eggs; 
it is probable that theso events vary considerably in the 
various species and under different conditions, such us 
temperaturo and food supply. After leaving tlio pupa 
mosquitoes are soft, and cannot feed until several hours 
havo elapsed. The male mosquito does not feed upon 
blood, but upon sugary juices. The female also will feed 
upon sugar, but it is very eager for blood, which is its 
principal J'ood. The eggs inside the body of a new-born 
mosquito are very small, and it is most probable that 
they cannot become mature unless tlio insect obtains 
at least one meal of blood. 

• In captivity, and probably under nature also, the 
male mosquitt! is short lived ; the female, however, may 
live, even* in captivity, for more than *i month. Jn an 
experiment conducted in Calcutta during the month of 
September, a large number of A rossii wore hatched 
out and kept in a bottle over water. They were supplied 
with sugared frui4 for food, and allowed to suck blood 
every second evening. Most Gf the males died during 
the first night, but thrdfe of them lived for nearly a week. 
The eggs of the females did not attain the mature size 
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until the tenth day, but none of them were deposed, 
although several of the insects were alive on the twenty- 
fifth day, when the experiment was accidentally termi- 
nated. It is important to consider the* means by which 
mosquitoes are disseminated. There is no doubt that 
they may be carriod by a gentle steady breeze to a 
distance greater than ten miles from their birthplace. 
The larvae aro often disseminated in iransported drink- 
iug water. 

The egg of an anophelino mosquito is sqpiewhat less 
then a millimetre in length, but it is easily visible, to 
the naked eye; at the time of deposition it is white, 
but it darkens soon after; it is boat-shaped, and is 
provided with a bladder-like float on either side. Tho 
eggs are deposited by the mosquito not only at tho 

surface of water but also on wet mud, in which case 

• * 

they may* be inundated by a Hhower of rain. If the mud 
dries the eggs parish. 


tiAth xitt. 

The Mosquito (Anopheles «u.w). 

A. Tho larva. 1, 2. clypeal hairs; 8. palmate hairs; 4. opening of 

tracheal system. 

A 1 . Palmate hair x 500 (apx.). 

B. The viscera. L. salivary glands; 2. oesophageal sac, containing 

air ; 3. provontriclo ; 4. mid-gut ; 5. malpighlan tubes ; 6. in- 
testine; 7. rectal papillae ; 8. ovary; 9. SpermathecV 

C. Head of female. 1. labrum; 2. mandibles; 8. hypopharynx; 4. 

maxillae ; 5. labium ; G. maxiUary palp; 7. antenna. 

D. A wing. 1. haltere. ~ * 

E. Tho pupa. 

F. Hood of male, 1 ; femftl% 2. 

G. U, and J. Mandible, hypopharynx, arid maxilla, highly magnified. 





CHAPTER VIII 


TIIB UNITY AND DIVERSITY OP LIVING THINGS 

Biology is the study of living things, of animals And of 
plants. It is the custom to treat zoqlogy, tho study of 
animals, separately from botany, the study of plants. 
But students of either of these sciences are dealing 
essentially with the same thing, in that they are study- 
ing living things. The great activity which has occnrrofl 
during the last contury in the study of animals mid 
plants, whether of their structure, functions, growth, or 
reproduction, hnH led us to believe that there is a unity 
among all living things, and that man himself, though so 
complox and important, is of one nature and origin with 
the others. 

Let us consider some of the resemblances whigh all 
living things bear to one another. They are composed 
principally of living material, a soft colourless translucent 
and granular substance which is insoluble in water. 
This substance, which is called protoplasm, 'possesses 
certain properties which may be spoken of collectively as 
the manifestations of lifp. It is apt to lose these pro- 
perties and become lifeless. Tlje nature of the change 
which protoplasm undergoes when it becomes lifeless is 
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quite unknown to us; it seems to be a sudden and irre- 
vocable change. As lifeless material it can be analyzed 
by the chemist. It contains more of water than of any 
other constituent* substances named protends are, how- 
ever, its most important constituents. Thu albumen of 
a bird’s egg is a proloid. Proteids contain the elements 
carbon, hydrogen, nifctogen, oxygen, and sulphur. Owing 
4o the difficulty of 9 ohtaining them in a pure state they 
cannot be analyzed satisfactorily. As obtained from 
lifeless protoplasm pioteids arc found to contain small 
quantities of such elements as calcium, potassium, sodium, 
phosphorus, and iron, elements which are known to have 
important functions to perform. 

* Throughout life protoplasm undergoes certain internal 
changes which are spoken of as metabolism. This we 
know by observing that it takes in some kinds of material 
from the outer world and gives out other kinds, .while at 
the same time it may increase or grow. From tho way 
in which these changes are known to us, we assume that 
they must be twofold in luiturt*— a building up, or con- 
structive, procegs, and a breaking down, or destructive, 
process. These are to some extent independent *of one 
another, for the destructive process can occur alone for 
a timo. In the study of metabolism it is tho custom 
to recogiiize two kinds of changes, called respiratiou 
(breathing) and assynilatiou (feeding). 

'Respiration . — Respiration is* the same process in 
almost every kind of animal and }>lanl. The outward 
result of tlxe process is that the protoplasm is oxidized. 
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that is to say, it takes ( in and combines with the oxygen 
of the air, and also gives out carbon dioxide and develops 
heat. Respiration therefore resembles the process ot 
combustion. It is assumed that the* energy which is 
shown by protoplasm originates in the process of respira- 
tion, just as the energy of u steam engine originates in 
the oxidisation of coal. 

Home tew organisms, 'such as ^east and certain 
bacteria, may live without oxygen, while they give off 
carbon dioxide in large quantities. lq these, protoplasm 
must itself supply the oxygen of the carbon dioxide, 
oxygen, which it cannot have obtained directly from the 
air. A frog cannot live tor very loug without oxygon, 
but if it be placed in an utmospheru ot pure nitrogen it 
will live for some hours, during which it will continue 
to give out carbuu dioxide. The oxygen in this cose 
must algp lie derivod from the destruction of protoplasm. 
We see troin this that though respiration resembles 
combustion in its results, the two processes are tar from 
being identical, since < amlmstion cannot occur without 
oxygen. Uowover, it is certain that almost all living 
material has an Inherent desire for oxygen, which is 
similar in effect to that possessed by many chemical 
bodies. An amoeba, which consists merely of a small 
pioce of living material, absorbs oxygen directly from the 
outer world ; but in the higher animals oxygen enters 
the body through special organs, called lungs or gills, 
and is carried from 'them by means of blood-vessels to 
the protoplasm. 
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^xximilationl- -Though respiration is, with few ex- 
ceptions, one process in all living things, assimilation 
is not so. This soerns to be necessary, for whereas 
in respiration tbft intaken material (oxygen) is in all 
cases equally available and the same, in assimilation, 
owing to the different conditions in which living things 
occur, there is very great variety in the kind of material 
(food) whicli is available. There is in tho lirst place a 
broad* difference between this process in animals and 
plants, and ijonie difference in detail among the different 
kinds of both. One part of tho process, however, is the 
same in all, for water is taken in by every kind of proto- 
plasm, and is indispensable to all living things. The 
Broad distinction between the method of assinulation in 
plaftts and animals is that the former can hike simple 

substances, such as carbon dioxide and simple salts such 

• • 

as the nitrates, and can build these substances, into its 
protoplasm. This process is not accompanied by an 
obvious formation of nitrogenous waste products. 
Animals cannot make use of simple substances for their 
association, but take the required materials, such as 
carbon in the form of starch or sugar, and nitrogen in 
the form of complex proteids, the lifeless protoplasm of 
other animals or of plants; this intake is accolupaniod 
by the oiltput of large quantities of nitrogenous waste 
material. Like resjpiratiou, the process of assimilation is 
performed directly in the lowest animals, indirectly in 
the higher animals by •means of *an alimentary canal 
and blood-vessels. The student must remember that 
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respiration and assimilation occur in every particle of 
living material. Organs such as the alimentary canal, 
the lungs, gills, and blood-vessels are merely the paths 
by which oxygen and food materials too carried to the 
protoplasm or seta of metabolism. 

Mom limits . — Various movements, both external and 
internal, occur in all living things.* It is probable that 
all liviug material undergoes internal^movoment, thought 
it is usually slow and difficult to see. Streaming move- 
ments in simple animals and circulation protoplasm 
in plants can be easily watched under the microscope. 
Most animals can, of course, move from place to place, 
while all but the lowest plauts are stationary. This is 
associated with their respective methods of assimilation*. 
A plant is always bathed in its food: its leaves *are 
surrounded by gases, its roots by water containing tlie 
necessary salts ; but au animal must seek its food. 

Irrittifnlifif. - Living material is acted upon by the 
external conditions among which it lives, and so far as 
we know, any one kind of material is always acted upjon 
in the same way by any particular condition ; if il^ wore 
not so? it would 1*6 impossible- or useless to study life. 
The streaming movement of protoplasm always responds 
in the same way to heat, which may be chosen as an 
example of a changing external condition* If the 
temperature be raised, the movement becomes quicker, 
but it becomes slow again when the temperature falls. 
Different kinds of protoplasm are acted upon in differeni 
ways by the same condition: some kinds of simple 
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organisms always mow towards light, other hinds 
always move away from it. This response to external 
conditions is called irritability ; it is an attribute of all 
living material. Although tho primary cause of this 
activity in response is obscure, its meaning is often 
plain, for frequently we am see that such activity is 
directly for the benefit of .the organism, and wo may 
infer jfchat it is generally so. Greon plants turn to tho 
light, because without light thoy cannot assimilate. 
Amoebae mtjve towards food, and away from harmful 
substances. All organisms which are able move 
hurriedly from burning heat. There are, however, 
.certain accidental exceptions to the rule that animals 
respond to the conditions only for their benefit; for 
example, night- Hying insects move so eagerly towards 
tho flight of a burning substance that they cannot stop 
themselves when repelled by fclio heat, and become burnt 
to death. In this case the attraction of the light is 
certainly harmful, but we must remember that night- 
i lying insects probably became endowed with their 
peculiar fondness for light long before man fijst used 
artificial fight and fires, and it is possible that the night 
insects’ fondness for light is of benefit in the absence of 
Artificial^ light ; it might induce them to congregate in 
moonlit patches of the jungle, congregation being 
ndbessary for brdbding. We may feel sure that tho 
response which the various forms # of living things show 
to the external conditions is generally for their own 
benefit; exceptions Jo this rule are accidental, as in the 
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case just described. Although there is unity in lfting 
matter, there are a vast number of different forms of it ; 
the animals and plants we know, each which responds 
to the conditions which surround it. The different forms 
are such that they are generally suited or adapted to the 
different conditions of the outer wosld. Many biologists 
think that the question as ta how this state of adaptation 
came about is the most important problem in biology. 
We shall return to this question in the next chapter. 
We have mentioned that one condition, sdch as light, 
may influence different kindH of living material in 
different ways. The student will also learn that 
different conditions acting on the same kind of material 
sometimes produce tho same effect. A muscle can oply 
respond in one way, namely, by contracting, although 
it will respond to many different conditions* If In a 
room where no light enters, we press the side of the eye- 
ball with a hard point, as of a pencil, we see a spot of 
light. As the point is moved while pressing so the spot 
of light moves ; it is therefore caused by the pressure bf 
the pencil. The nerve which spreads over the baSk of 
the eye, though commonly responsive to light, is also 
responsive in the same way to pressure. It seems to be 
neither beneficial nor harmful that the optic nerve should 
respond to pressure as well as to light. 

Cells, — We have seen that all organisms are com- 
posed principally of ..living material. We shall now 
consider how this material fe arranged. It is only since 
the invention «ot the microscope t^iat this has been 
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understood. Protoplasm when dead can be examined 
in minute fragments, or in very thin slices with the liejp 
of the microscope. Just as a house is built of briokB and 
beams of wood, units of lifeless material, so is every 
organism composed of units of living material. The 
living material of 9II animals and plants, except the 
simplest, is divided into q groat number of separate 
unites called cells? In the higher organisms thero are 
a vast number of these cells, which are of many different 
kinds. In the simpler organisms there are fewer. The 
body of a Protozoon is one coll, although it can perform 
the several functions which are carried out iu the higher 
, animals by many different kinds of cells. The word 
11 cell '* does not seem a good one to describe a piece of any 
material, as it suggests a small space enclosed by walls. 
The misnomer arose in the following way. Each cell of 
a plant forms for itself a coat, or cell wall ; the walls of 
adjacent cells are lirmly pressed together, and constitute 
a structure resembling a bee’s honeycomb. This can be 
seen with the help of a simple lens, and was the first 
observation itiade in the minute structure of living 
things. At first the living material which is contained 
in these vegetable colls was not seen. We now know of 
its existence, and regard it as of the highest importance. 
The cells, both in animals and plants, are not entirely 
dfetinct from one Another ; they arc not merely in con- 
tact with one another, but are*unjted by fine threads of 
living material which,* in plants, pierce the cell walls. 
Any one previously unacquainted with the subject can 
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easily salisly himself that his own body is composed of 
cells. If the inside of the cheok or lip be gently scraped 
with a sharp knife, an abundant greyish deposit collects 
on the knife edge. If this deposit is examined with a 
microscope, it will be found to consist of thousands of 
colourless translucent bodies, whicli are llattened and 
nearly circular in outline, and resemble one another 
very closely. These are colls which 'were detached by 
the knife. 

The Nm-lnix. The fact that the malorial e of which all 
but the simplest organisms are composed is divided into 
a great number of separato cells confers a degree of unity 
on all living things. This unity is much strengthened, 
by the fact that every cell contains a small round 
body called the nucleus. Although there are many 
different kinds of colls, all of them contain nuclei, which 
aro with * Jew exceptions identical in structure. The 
fact that the nuclei of the ceils which compose a tree, 
a herb, a worm, or a man are alike iu their visible 
structure confers a wonSerful degree of unitv’ on tlfo 
whole. 

It has been mentioned that protoplasm increases or 
grows; cells must therefore grow. In plantB, growth 
occurs at special points, and continues throughout the 
w r holc life of the plant; in animals, it is not confined 
to special parts, nor doos it continue throughout life. 
Growth is always accompanied by cell division ; it seems 
as though a cell cannot he of more than a certain size : 

t 

it must divide and become two cell£. Division of the 
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colitis always preceded by division of the nucleus, 
Tho nuclons divides in a complicated, though dclinito, 
manner, which is the same in all living things. Nuclear 
division of this* kind is called mitosis. Tho most 
noticeable constituent of a nucleus is a substance called 
chromatin, which hag the property of absorbing certain 
dyes to a greater extent than any other part of the cell. 
lOwing to this property, chromatin can be rendered visible 
in a coll, and finely examined with the help of the micro- 
scope. Except when the nucleus is about to dividn, the 
chromatin of which it is composed has an irregular, 
net-like appearance. Before division, it undergoes 
qertain changes, and becomes resolved into a nuiubor 
of separate bodies, each of which is like a bent rod or 
loop. These rods are called chromosomes. As mitosis 
proceeds, #acli chromosome divides in its whole length, 
just as a log of wood is split by wedges. ]$uch half 
resembles the whole from which it was derived. The 
number of chromosomes present in the dividing nucleus 
is •therefore doubled. As soon* as the division of each 
chroikosome iff complete, the halves move apart from 
one another. As there are several chromosomes origi- 
nally present in tho nucleus, and each one divides, two 
sets of halves result from tho divisions. The members 
of each sot collect togother, and lose their rod-like 
ulufpe. They becofiie net like, and constitute the nuclei 
of the two new cells which rosult # from the division of 
the old one. 

It is believed tjiat the number of. chromosomes 
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present in every cell of any one kind of organism is 
constant. The number may be as. few as two, 
or as many as two hundred. The number of the 
chromosomes has no relation to the land of organism 
in which they occur. It often happens that organisms 
which are very unlike one another have the same 
number ; on the other hand, organisms which are very 
closely alike do not always have Uie same number* 
The number of chromosomes prosent in an organism 
must bo of an even number; in otbbr werds, it must 
be equally divisible by two. The reason of this will bo 
seen later on. 

Reproduction.— Bach individual organism can live 
only for a limited time. New ones are produced, and 
take the place of those that die. With few exceptions, 
the method of thiH reproduction is essentially the same 
in all lif^ng things. We havo seen that all organisms 
aro composed of cells which are of different kinds, 
different in appearance and in the work which they 
perform ;• of these, the most important are the germ- 
cells which are set apart for reproductible Germ-cells 
become separated from their containing parent organism; 
they grow and form the offspring. The germ-cells are 
therefore the most important cells in the l>ody. They 
are regarded as something different in kind from the 
other cells of the body, hi order* to emphasize 4he 
difference, the name f soifia has been given to every part 
of an organism which is not 9 germ. Any organism, 
tfierofore, consists of germ and soma; during the life 
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of the organism, some of the germ-cells become sepa- 
rated from the soma, and give riso to new organisms, 
each of which also consists of germ and soma. In each 
generation the containing soma, or body, dies ; but the 
germ is continuous from generation to generation. The 
particular qualities oj any organism seem to bo concen- 
trated in its germ. The relation between the material 
germ # and the mifny qualities which it conveys is, T 
think, quite unknown to us, although it has been the 
subject of much "speculation. The germ is contained 
among tho soma in the same way in almost all animals 
and plants. It occurs in two kinds of colls, which are 
called the male and female gametes. These usually 
occur in separate individual bodies, hut they are often 
borne by one and tho same, which is then called herma- 
phrodite. . Tho first stage in the development ot tho 
offspring from the germ is the union of two # * gametes. 
The gnraetps are brought together in various ways 
among the different kinds of organisms, hut the union 
of* the gametes is essentially tfie same act iu all casos. 
From this unibn a body called a zygote results. The 
complete zygote consists of ono cell containing a single 
nucleus; it gives rise to the many-celled offspring by 
cell division and growth. Early in the process of 
development, the germ-bearing cells or gametes which 
wiH give rise to the following generation can often be 
distinguished among the other#. Although the zygotes 
of different kinds of organisms originate in the same 
way, and are often closely alike in size and outwafd 
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appearance, we know that in some invisible way 4hey 
must be entirely different from one another, for each 
kind produces its own kind of organism - a tree, a fish, 
or a bird, as the case may be. 

What is it that determines the course of the develop- 
ment of each kind? It lias been suggested that the 
determinant is contained in the nuclear material. This 
idea arose as a result of the study^of mitosis in the* 
following way : An offspring may be regarded as a 
combination of its parents. In its general appearance 
it obviously resembles the class to which they belong, 
but it may show the special slight peculiarities of one 
or other, or of both. The contribution of both pareuts 
to the heritage is not necessarily equal, but both 
contribute to it; one sex does not regularly contriluite 
more than the other. Bearing this in minj|, we. will 
now consider tlio structure of the gametes. In all but 
the lowest organisms these cells are quite, unliko one 
another as regards their outward appearance. The 
female gamete, the ovilm or egg-cell, as it is often 
called, is usually many times larger 4han thetmale 
garaeto, owing to the excess of protoplasm which it 
contains; it also often contains a store of material, 
called yolk, as food for the embryo which is to he 
developed. On the other hand, the male gamete, or 
spermatozoon, is very minute, and* is provided with 
some contrivance to cftable it to move towards the 
passive ovum. 

The two kinds of gametes, so unlike one another in 



UNITY AN1) DIVERSITY OF LIVING THINGS 221 

mos t respects, are nearly always alike as regards their 
nuclear material. The first stage in the development 
of most organisms is the union of an equal number of 
chromosomes defived from either parent. This fact, 
taken in conjunction with our common experience that 
either parent may contribute to the visible heritage of 
the offspring, and tflat one sex dors not regularly ron- 
* tribute more than* the other, gave rise to the idea that 
the fletermiuant of the heritable qualities lies in the 
chromosome ; oilier facts support this idea. We do 
not understand the relation between the chromosomes 
and the qualities which they convey. We assume that 
there must be some slight material difference between 
those contained in the germ-cells of two brothers, for 
ea£h may transmit his own peculiarities to his offspring. 

The difference between those contained in men of 

• • 

different races must l)e wider than in the case of 
•two brothers, lfow wide, then, niusl ho the difference 
between the chromosomes of a plant, of an insect, a fish, 
or a mau ! And yet chromatin^ppeurs and behaves out- 
wardly as though it were one and the same substance 
in all living things. 

It is very difficult to understand the meaning of 
mitosis, but we may feel sure that such a definite 
phenoradhon, which occurs in almost all living things, is 
a yisible part of Jhe most important processes which 
occur among living things ; wo may also fed sure that 
the view of the process which we obtain with the help of 
even our most powerful microscopes is merely superficial. 
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Chromatin behaves chemically as though it were^one 
substance in all animals and plants, but the process of 
mitosis itself makes us think that the nuclear network 
contains a great many different kinis of things, for 
the process is such that it is entirely suited to effect 
the complete division of a mixture of many kinds of 
things. If the network contained only a few kinds 
of things well mixed together, a simple division of tlie« 
nucleus into two parts as with a knife, would effect a 
nearly equal division of its constituents. §ut if many* 
different kinds of tilings were present, such a simple 
method would not bring about a division into two parts, 
so that each purt contained some of every kind. To 
bring this about a more intimate method is required." 
The attenuation of the chromatin in the form of rdds, 
and the equal division of these rods in their whole length, 
which occurs in mitosis, is eminently suitod to the work 
of dividing a mixture of many kinds of things into two- 
parts, iu such a way that each part contains some of each 
kind. The following illustration will make this clear. * 
Take four hundreds of small cubes wof wood, jBach 
hundred being of a different colour, the cubes of each 
colour bearing numbers 1 to 100. The whole will be 
made up of four different kinds of things, one hundred of 
each kind, if we regard colour ; or there wilF be one 
hundred different kinds of things, ah<J four of each kipd, 
if wo regard numbers. ljhe whole are thoroughly mixed 
together, and ^toured hut on to a table so as to form a 
square flat group. If the group be divided equally by a 
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line ^through the middle, it will be found that eucli lmlf 
‘contains about fifty cubos of each of the four different 
colours. But as regards the numbers the division will 
be very incomplete. In some cases there will be no 
division, all four of a number being found in one or 
other half. Now, a more complete division of the many 
numbered groups calx be brought about by a method 
bwhicli is comparable to mitosis. The group of cubes is 
made to undergo a preliminary division into ax number 
of elongated # sub-group3 ; the actual division is then per- 
formed on each sub-group in its whole length. This 
intimate method will effect a more complete division of 
the numbered groups than the simple method. 

Mitosis is a subject of the highest importance in 
biotogy. Its moaning will become more fully understood 
as our knowledge of the process increases. Other im- 
portunt facts which are known or suspected regarding 
it .may be briefly mentioned. The individuality of the 
chromosomes seems to porsist through tho so-called 
resting-stage of the nucleus, from one state of active 
mitotys to another ; for when the chromosomes emerge 
from the net-like condition of the resting-stage, they maiy 
appear not only in the same number, blit in the same 
relative position, and in the same individual shape, as 
they occftpied before entering the resting-stage at the 
cloye of the previoqp division. Moreover, in some plants 
the chromosomes never fully enter tho resting condition, 
so that they can be counted at all tfmes. 

It is well kuowu that the number of the chromosomes 
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present in the gametes is always half that present ig the 
other cells of the body. If the number of the chromo- 
somes present in the body cells of a particular organism 
is twelve, the number present in the gAnetes will be six ; 
when two gametes unite to form a zygote, the two sets 
of six become added together so that the nucleus of the 
zygote contains twelve, six of which are paternal, and 
six maternal. If it is true that cliromosomes always 1 
preserve their individuality, it follows that overy cell of 
the offspring which arises by the division qf. the zygote 
will contain six chromosomes derived from oue parent, 
and six from the other. The nuclear substance must 
be capable of indefinite expansion by the building-up 
process of metabolism; but in spite of this, it seems 
to preserve its own special quality or determinative 
power. This quality is so varied that it is not neces- 
sarily identical even in two parents, and it seems that 
the two kinds, the maternal and tho paternal, ar£ 
contained in separate chromosomes in very cell of the 
offspring. 

Wo will now brieily consider how the reduction in the 
numbof of chromosomes in the gametes is brought 
about. In ordinary mitosis the number of chromosomes 
always remain the same, because each one splits and the 
halves separate ; but in that division, by ^liich the 
gametes are formed, the chromoscynes do not qplit 
individually, but half t^eir number become separated 
from the other half, f hence the number of chromosomes 
iu the gametes is half that present in the body cells ; this 
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particular division is called the reducing division. The 
reducing division occurs at different times in the life- 
history of animals and plants. In animals it occurs 
at the division wfc ich gives rise to the gametes, but iu 
plants it occurs at the formation of the spores. The 
student will learn that the spores of a fern, on germin- 
ation, give rise to a slnall structure called the prothallus, 
•in which the gametes are produced. The spore and 
every cell which it gives rise to, contain the reduced 
number of q)iromtsonies, hence the gametes contain the 
reduced number. 


THE DIVERSITY OF LIVING THINGS 

We know that living matter occurs in many different 
forms, and that no two living individuals are exactly alike. 
JTius fact mu*t not be lost sight of. To be exact, the 
number of kinds of living things on the eartli is the same 
as the number of individuals. it may be said that small 
differences ar^ negligible, for no two things dead or 
living cair be exactly alike ; but we must not let this hide 
the fact of the individual differences of living things, for 
we can manufacture two lifeless objects of nearly the 
same si* and material which are much more closely 
alijfe than are «yiy two living things that can be 
found. 

Among the multitude of different organisms we notice 
that some (*.p. twin-brothers) are very nearly alike, wliile 

Q 
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others a man and a herb) are utterly unlike j>ue 
another. In order to make this great diversity conve- 
nient to our minds we clussify living things. We divide 
them at once into animals and plants, add we further sub- 
divide these two kingdoms, as they ure called. The 
subdivision is carried out in the following way. Let us 
regard the animal kingdom only. *The body of many 
animals consists of one celt only; these animals form 
tho group of the Protozoa. In others the colls of the body 
are arranged in two layers ; these are«tlio CJpelenterates. 
There is never any doubt as to whether an individual is 
a Protozoon or a Coelenterate. In the same way any 
individual may be placed in a group: it is either an 
Annelid, a Platyhelmiuth, nn Echinndorm, a Mollusc* 
a Crustacean, an Insect, or a Vertebrate. These groftps 
are, for the most part, definite and distinct from_ one 
another.* 

Let us now consider, with a view to further sub- 
division, one of these several groups. We will choose 
the Vertebrates, as thejiaro well known. Any animal 
which has a backbone, a spinal cord, and a , skull 
contaiifing a brah’ and organs of sight, hearing, and 
smell is a Vertebrate. Hut any vertebrate animal is 
either a fish, an amphibian, a roptile, bird, or mammal. 
Any of these losser groups may again be divided. We 
will consider the mammals. Any ^animal which has 
hairs embedded iu its qkiu and suckles its young is a 
mammal. I'or som<S mammalq, we use the terms horse, 
uow, dog, cat, rat, rabbit, but the differences which causes 
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us jp apply those terms aie not equivalent. Wo can see 
by a glance at the teeth and feet that the horse and the 
cow aro moro alike one another than they are to any of 
the others ; the sffcme « true ot the dog and cat, the rat and 
rabbit. The mammals may therefore be arranged ingroups, 
each of which may further he subdivided. These groups 
are called orders, *and their subdivisions art 1 called 
families; each family contains several genera, and each 
genus contains a number of species. In the middle of 
the eighteenth century, Linnaeus established the custom 
of designating every animal by two mimes : the first 
name denotes the genus to which the animal belongH,aud 
the second denotes tile species. For example, tho lion, 
"tiger, and leopard aro very alike as regards the form of the 
slAll, teeth, ami feet, and in their anatomy generally ; they 

are therefore said to belong to the genus Kolis ; hut the 

• • 

tawny lion, with its mane, is called Folia leo, the striped 
•tiger is called Felis tigris, and the spotted leopard Felis 
pardus. Every kind of animal and plant is named in 
this manner. This method of nomenclature is, however, 
purqjy arbitrary, that is to say, there can never be 
complete and final agreement of opinion as to^he con- 
stitution of one of the specific groups. One naturalist 
may define a species in the following imaginary terms : 
“ Fj very Individual animal in the world which possesses 
certain particular Matures- -of size, form, and colour — is of 
species / ” (for argument we frill designate the features 
A, B, C, D). A second*naturalist Wns his attention to 
species Z, and replies to the first naturalist : “ I have 
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collected some hundreds of individuals of your species 
Z. I can recognize them because they all clearly show 
the features A, B, C, D ; but I find on minute examination 
some small points which you have overlboked. Borne of 
them show a feature a ; others do not show a, but show 
another feature, b ; others again show both features a and 
h. I must therefore divide up the old species / into three 
new species, x, //, z.” A species is therefore a subjective 
thing, that is to say, it depends on the convictions and 
powers of observation of the person who is dealing with 
it, and must be accepted on authority, which changes 
from time to time. We must keep clearly before us, 
iirstly, the fact that no two individual animals are exactly 
alike ; socoudly, that animals can be arranged in groups 
according to their resemblances. It seems impossible, 
however, to find a group which cannot be split up; 
even the children of the same pureuts may l>e classified ; 
Borne may have blue eyes, while othors may have brown 1 
eyes. It is the custom to speak of animals which closely 
resemble one another a:, •being of the same species, bqt 
our idea of a species as depending on resemblances is 
arbitrary, and has ansen for our convenience in describing 
animals. Only those animals which are nearly alike will 
breed together and produce fertile offspring. We say 
therefore that auinials which cau breed together and 
produce fertile offspring are of the sapae species, but ye 
must remember that such? a group of animals may still 
bo subdivided into lesser groups according to their 
resemblances and differences. 
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•We have boon considering each animal or plant as 
ft unit of liviug material, and we have seen that these 
units can lie distinguished from one another by the 
differences in form and attributes which they present/ 
but we have assumed that the material of which they are 
composed is of one Jfiud in all. A substance seems to l>e 
of one kind when we canupt distinguish separate kinds 
amopg it; and protoplasm as a substance has, until 
recently, seemed to be of one kind. During the last few 
years, however, Ve have learnt to recognize separate 
kinds among such products of living material as blood 
serum, milk, egg albumen, otc., by a newly discovered 
.method which cannot be described here. The important 
part of this discovery is that the differences which can 
be recognized in the proteids are in the Bamo relation 
to ©no another as the differences in the outward form 
of the animals which contain them. For example, we 
* Have long«knowu that in their form, a goose and a duck 
are more like one another than either of them is to a 
hen, but wo have not been able to see any difference 
betttoen tlio afburnen taken from the eggs of tl^se three 
kinds of birds. By means of this new test we might he 
able, not only to distinguish the three kinds of albumen, 
but to recognize that tho albumen of tho duck and goose 
are more like one another than either of them is to 
that of a hen. This serves as an illustration, but it is 
not a good practical example* 4 fl practised at present, 
the test would probalfiy indicate that the albumen of 
the duck and goose were indistinguishable from one 
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another, though both could be distinguished from that 
of the fowl. The blood serum of a man can, by means 
of this test, l)C distinguished from that of the lower 
animals. In future this fact may be of importance to 
many a man falsely uccused of murder. 
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K VOLUTION' — ADAPTATION 

We sec that animals after giving birth to others like 
themselves* ultimately die. One generation replaces 
another. Our own lives are so short that wo cannot 
watch more than a few passing generations in the history 
of any kind of animal or plant, and finding no marked 
difference between the members of a first and of a tenth 
generation, we may hastily and unjustly assume that if 
we t!Ould«xamino a thousand generations, there would iu 
no case be any difference between the first and the last, 
ft the prowess of reproduction is like the manufacture of 
a series of articles, each member of the series lieing an 
enact copy of its predecessor, it is plain that the first 
mu£t be oxactty like the last however large a 1111411 her are 
manufactured. But we know that offspring and parent 
are not* always closely alike, and it is now generally 
lielievec^ that if we could trace hack the ancestral history 
of any organism far enough, we should find that great 
changes had occiftred in it, and that the earlier genera- 
tions would usually lie simpler tjian their descendants. 
This idea is expressed*by saying that living things have 
arrived at their present stato by a process of evolution. 
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Owing mainly to the teaching of Darwin, it has become 
widely recognized that living things have undergone great 
change in the past and are still changing, and, moreover, 
that the manner and cause of the change is a subject fit 
for inquiry. 

All men do not possess the st^ne outlook on the 
question of the origin of living things. We cannot say 
that this or that outlook is the true* one, and th^t all 
others must be forbidden. 

In spite of much difference of opinion as to the cause 
and method of the process, there is a general agreement 
among biologists that animals and plants have arrived 
at their present condition through evolution. We will, 
now consider the reasons for this agreement of opinion. 
The question may be examined from more than one 
point of view. 

Thk Evidence afforded by Comparison. — It was 

explained in the last chapter, that the resemblances 

and differences between the various animal forms were 

not haphazard, but that* they bore a relation to one 

another, so that the animals could be classified iif an 

orderly manner in accordance with them. Every animal 

can be placed in a primary group, or phylum. A phylum 

may be divided into a few classes, each class^ into a 

number of orders, each order into several families, the 

families into genera, the genera into spfcies. The specfes 

themselves are divisible. f 
« 

The whole animal kingdom ftay therefore be com- 
pared to a tree — the phyla to the primary division? of 
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the item of the tree, the classes to the larger boughs, the 
orders to the branches, the families to the lesser branches, 
the genera to the twigs, and the species to the leaves. 
This arrangement is what wo should expect if the 
various animals had been derived from one another by 
evolution. The study of animals is almost entirely u 
making of comparisons, an observation of resemblances 
.and differences ; otfr perception of these is much more 
acute wlion we are searching among mankind than 
among other liviifg things. In our eyes no two men 
are exactly like one another, whilo superficially no two 
crows look different. With the help of this acute per- 
ception, which we all have when looking ut ourselves, 
we know that men who are closely related by birth 
are usually more like one another than those who 
are distantly related. We apply this experience in a 
broad way to all living things, and assume tjiat blood 
relationship* or, as it is also called, genotic relation- 
ship, between any two living things is directly propor- 
tional to the amount of resemblance which they exhibit. 
This •is the principle on which our classification of 
organisms cleponds. In order to amplify this statement, 
we will look at the different stages in that process of 
classification which zoologists bring to boar upon the 
animal kingdom as a whole. 

•Some zoologists* usually styled Morphologists, make 
it their work to examine the mft in ^groups of animals, in 
order to find reserablan&s and differences between them. 
For example, they recognize that although the Lnsec&,* 
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Arachnids, and Crustacea are separate groups, owing to 
anatomical similarities within the groups and differences 
between them, yet there are certain main features 
common to all three, which cause tnem to be classed 
together as Arthropods. They recognize that the group 
of Arthropods is more like the gjoup of the Annelids 
than either group is to the fylolluscs ; the student himself 
will recognize these things when he* dissects the .types.. 
The Morphologist further divides the groups into sub- 
groups. His task is a difficult one : he bSlses hte conclusions 
chiefly on the internal structure of the adult animals and 
on their method of development. Other zoologists are 
called Systematise. They study the smaller and morp 
numerous groups— the families, genera, and species. 
Their observations are made on the outward form of the 
animals, for, as regards internal anatomy, the members 
of these, smaller groups are usually alike. But the 
method llie> apply is exactly the same in •principle*as 
that of the Morphologists ; thn/ triwrrr rwinhlinit'cH and 
dijb'min’H, and classify *fche animals in accordance with 
them. But the process of subdivision dofes not stojf here, 
for species are divisible. 

To show how far classification may be carried, the 
following case may bo mentioned. An Indian gentle- 
man who was well acquainted with many of the Asiatic 
races, met a stranger in Loudon aiftl addressed him as 
follows : “ I have never Seen or heard of you before, but 
I am sure you are a Kasmiri, Aid I think I know youy 
father's name." He was right in both assertion and 
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assumption. This illustrates how far classification may 
be carried. The Kasmiri was accurately classed not only 
with his race, hut with his father, and this result was 
arrived at in exactly the same way as the results of the 
Morphologist and the Kystematist — />// thf observation uf 
resemblance . In this^ease, tho observer was not dealing 
with past history, and therefore, although his opinions 
Vere in the first place based upon the observation of 
resemblances, he was able, unlike the Systematic and 
Morphologist* to dbinirm them by an inquiry into the 
parentage of the man from Kashmir. The exact relation 
of the man to the other living beings which resembled 
him was therefore unmistakably known : assumed in the 
first place from resemblances and afterwards confirmed 
by inquiry. We assume that genetic relationship 
between living things is directly proportional to the 
resemblances which they exhibit. It is on this’assunip- 
fidh that my methods of classification depend, but it is 
ouly when we examine the actual parentage of man or 
of captive animals that ice fiwl tlth proof of the assumption, 

lit studying comparative anatomy we examine animals 
and observe their resemblances and differences. This 
must be done carefully, for it is sometimes found that 
two animals which are superficially alike are in reality 
very different from one another, and the converse of this 
is true. 

The student must distinguish between the two kinds 
of resemblances, the geftetic and the non-genetic ; it is 
usually easy to do so, but not always. The fact th&t 
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many vertebrate animals have two pairs of limb® each 
ending in five digits is considered to be due to commanity 
of* descent, that is to say, the resemblance is genetic. 
Structures of this kind which occur among two or more 
groups, otherwise distinct, are said to be homologous with 
one another. The wings of a bird and of an insect 
are not homologous; there is no anatomical similarity 
between them : they are therefore sftid to be analogous* 
The wing of a bird is homologous with the fore limb of 
other vertebrates. 

The Evidence affohded by Fossils. -Before ex- 
amining this we must inquire a little into the teachings 
of geology. The history of man, as known 'from hjs 
written records, stretches backwards for less than ^ ten 
thousand years; but geology teaches us that previous 
to this, and for many millions of years, the iace ef the 
earth w%s in many ways as wo now know it — that is 
to say, there were areas of land and water on and* in 
which animals and plants sustained themselves. But 
the relative distribution* of the land and the water was 
not as at the present day, but changing &gaiu and tigain. 
The change, which was not necessarily continual in all 
parts of the earth’s surface, was, for the most part, 
very slow. It waB brought about by the gradual rising 
and sinking of different parts of the earth's surface at 
different times. Those parts which •were raised becfune 
dry land, those which "sank became covered with sea. 
Then, as now, water vapour Arose from the sea, and 
passing over the face of the earth gave rain to it. 
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Mudi of the rain water bocanie gathered into rivers, 
which carried mud and sand down to the sea, building 
up the bottom of it like a mud floor. The sea tatlom 
by elevation becaAe land, the mud and other material 
of which it was consumed became hard rock ; ujKm this 
the rain fell and the rivers flowed and carved out the 
valloys, leaving the thickness of tho rocks exposed in 

hills and ridges. The hard parts, such as the shells 

• • 

and bones, of those animals which died in the ancient 
seas, are therefore preserved to this day as fossils 
embedded in rocks far removed from the seas of our 
time. Geologists can determine the relative ages of 
the rocks ; they can say one rock is older than another 
because it lies underneath and was formed before it. 
It ft clear that the study of fossils must afford direct 
evidence in the inquiry. If wo wish to know whother 
a thing is changing or not, we must examine it at 
different times ; if the cluuige is slow we must examino 
it at long intervals. Fossils enable us to examine the 
succession of things which have lived in the past, at 
times separated J?y long intervals. 

The study of fossils, or Palaeontology, as it is called, 
has taught us that many kinds of animals lived in the 
past which were unlike those living at the present day. 
Some of them were of gigantic size, but in their bony 
stricture they rosqpible in a general way the living 
animals of to-day, so that it m possible to recognize 
one as an amphibian, (mother as ft reptile, a third as 
a mammal. Some extinct animals are known which 
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resemble one group in some parts of their anatomy, 
and another group in other respects. For example, 
several are known which resemble mammals in some 
ways, although in most other respects* they are reptiles. 
Certain extinct reptiles resemble birds in the formation 
of their skeloton; one of the most interesting fossils 
is the bird Archaeopteryx. This possessed feathered 
wings and was therefore a bird, huUit also had conicafr 
teeth in the jaw and a long-jointed, bony tail; the 
wing was not like that of a modern bird, fog it possessed 
two fingers with clawH. In the teeth, tail, and in other 
respects it resembles a reptile. Unfortunately, the record 
of fossils is very imperfect. Thousands of animals must 
have lived for every one which has been preserved; 
and of those few which have been preserved, thousrfhds 
must lie hidden within the rocks for every one which 
is brought to light. 

If the whole series of animals which have lived# ifi 
past years could he brought before us as evidence* in 
the inquiry, it would be best to examine only those 
whicli were somewhat alike, and ha^l followed one 
another in time, on a particular part of the earth's 
surface ; any other method of examination would lead 
to confusion. Although the record of fossils as a whole 
is very imperfect, thore are certain parts of it which 
are almost perfect, and furnish th^ strongest evidence 
of evolution which we possess. The case of the horse 
is the best example. Horses* belong to a group of 
herbivorous mammals called the ungulates. In them 



EVOLUTION 


2H9 

the weight of the body is supported hy the ends of 
the digits which terminate the limbs. Most of the 
ungulates show a loss in the number of the digits, 
and of the bone* which lie between the digits and 
tho wrist or ankle-joints; but those that reiuaiu are 
lengthened and strengthened. These, peculiarities are 
more marked in tho # horse (ass and zebra) than in any 
other members of Jibe group, for the limbs of a horse 
*each tftid in one digit only, and the joints which corre- 
spond to th^wriht and ankle-jointH of other mammals 
are raised well above the ground, and are called the 
knee and hock respectively. There is, in North 
America, a series of rocks the relative ages of which 
are clearly known from their relative positions; tho 
moft ancient rocks being, of course, the lowest, and 
tho newer ones King above them. These rocks are 
called tlic Tertiary series, the oldest of them is the 
HVjpene, above that is the Miocene, and alSive that 
the Pliocene; of each of those divisions wo may speak 
of a lower or older part and an upper or newer part. 
The Jiighest, 0/ Pliocene, rocks contain the bones of 
true horseo, like those which are known to us 'at tho 
present day ; hut the more ancient Miocene and Eocene 
rocks contain the bones of horse-like animals which 
resemble* horses to a smaller and smaller extent as 
they are more jnd more ancient. The changes 
are shown on Plato XIV., wlyeli is copied from the 
lectures of the late Professor Ilullcy, who stated con- 
cerning it, “Professor Marsh’s kindness lias enabled 
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me to put before you a diagram, every figure in which 
is an actual representation of some specimen which 
is to be seen at Yale at this present time.” The 
evidonce in favour of evolution afforded by the extinct 
horses of America is, I think, the best available. It 
proves that a series of animals lived in succession, 
each member of which was slightly different from its 
predecessor. So far us our experience goes, animals* 
are bom from animals and not from inanimate tilings ; * 
it therefore seems most likely that these different kinds 
of horse-like creatures were born from one another. 
The facts themselves do not show how this occurred; 
how far the change was a very gradual one, bo that 
parent and offspring were at no time distinctly unlike 
one anothor, or how far the change was sudden, so that 
on rare occasions it happened that parent and offspring 
were considerably unlike, are questions which cannot 
be solved by the study of fossils. But many ot^e* 
important things are shown by this study. The earliest 
fossils which are known to us show that the great 
groups of Iuvertebrates — the Mollusc^ Echinodprms, 
CruBtaSea, Arachuids, and Insects — were as . firmly 
established and as distinct from one another when the 
record commenced as they are to-day. Among these 
early invertebrates are certain species among the Mol- 
luscs and Brachiopods which scarcety ( differ from animals 
living to-day. Fossils ^afford little evidence to show 
how the great groilps of thet animal kingdom were 
established. But the record shows that, although AbS 
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are^among the oldest fossil forms, the other groups 
of vertebrates, the amphibians, reptilos, and birds, did 
not appear until later; that the mammals appeared 
at a still later dhte than the others, and that among 
mammals, man himself was one of the last to appear. 
The geological history of man extends backwards for 
nearly a quarter of a million years. 

This Evidence avkoudeo uy Developm rjnv ~ Every 
living thiifg begins life as a single ceil, which is usually 
formed by the union of two germ cells, one the product 
of a male parent, the other of a female parent. This 
initial cell, or /ygote, becomes tlio offspring by seg- 
mentation and the various processes of development. 
\Tie study of the development of animals is called 
enfbryology ; it lias shown ns that the various stages 
in the development of the higher animals resemble in 
some ways the adult forms of lower animald, not in 
*nilward appearance, hut in certain details of their struc- 
ture; for example, it is known that in the embryos of 
some of the mammals of the birds, reptiles, and amphi- 
bian^— -the threat is perforated by a number of slits 
through tfhich the pharynx communicates with the 
outer world. These Blits, which arc exactly like the gill 
slits in the throat of a fish, become closed as development 
proceeds? This is merely a single instance of an occur- 
rence the like of yhich has boon seen in every part of 
the animal kingdom. An individual animal in its deve- 
lopment passes through stages in which it partially 
fasemkles the adult form of simpler animals ; from this 


n 
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the assumption is made that the development of^an 
individual is to some ox tent a repetition of its ancestry. 
It must be remembered, however, that certain animals 
pass through stages in their development which cannot 
possibly have occurred as adult stages in their ancestry, 
as, for example, the pupa stage of insects: also that 
certain stages which must, if the theory of evolution l>e 
true, have occurred in the ancestry of individuals, aronot 
represented in their development. An example of this 
is offered by the fact that limbs are .not fpund in tho 
embryos of snakes. Although embryology is of great 
use in helping us to understand the relations of the 
great groups of the animal kingdom to one another, it 
does not seem to be a safe guide which will lead ns to a' 
complete understanding of the manner in which the great 
groups of the animal kingdom have arisen ; indeed, there 
seems to»bo no safe guide to such very ancient history. 

OlRCl'MSUNCKS WHICH INVM’KNCti EVOLUTION. — T^e< 

factors which influence evolution may be described 
under throe categories - Natural Selection, Isolation, and 
Segregation. 

Natural Sblk<-tion. — Natural selection u considered 
by Borne, to be the essential cause of evolution. Others 
believe that it exerts an influence on evolution, but are 
of the opinion that the explanation of evolution lies in 
the origin of variation, the essential c^use of which is far 
from being’ understood Represent. As a simple example 
of the action of natural selection, we will cousider that 
of a herbivorous animal which has the misfortune td' 
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be torn without the sense of hearing. Such an animal 
if born in captivity could sustain itself easily ; it could 
produce offspring, some or all of which would probably 
be deaf ; but in* a slate of nature, such an abnormal 
creature would uot he fully warned of the approach of 
danger, and would soon fall a prey to some carnivorous 
enemy. Even if it succeeded in leaving offspring, those 
which wore deaf would be under the same special risks. 
Wo may say, therefore, that the deafness would snou lw 
stamped out by natural selection. 

The term “ natural selection " originated in the 
following manner. There are many domestic varieties 
of animals and birds which are as distinct from one 
another in appearance as species in nature. It is the 
custom to speak of these domostie varieties as being 
produced by artificial selection, because tbe fancier, or 
man who produces them, selects for breeding those 

m 

individuals^ which possess any peculiar or useful quality. 
It is plain, however, that the fancier does not actunlly 
create anything by artificial •selection, he can only 
clioqge from tjje variations which appear. The power 
of artificial selection to produco domestic varieties, gave 
birth to the idea that there was a similar power in 
nature, which produced the natural species. This power 
is therefore called Natural, Selection. Under nuturo, 
inynals 'compete \^th one another, and those which are 
best suited to the conditions of life survive, i>. they 
ire naturally selected +to surviv£. Many die in the 
stress of competition without leaving offspring, it *is 
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well known that there is a great mortality among «the 
immature of many species; the rate of mortality 
is, however, very different hi the various species. The 
tape-worm and many fish produce millions of eggs; 
their progeny are liable to many dangers. In any 
species which remains stationary in numbers, the place 
of one mature animal which dies is taken by one only 
of the next generation; how great, then, must be the 
mortality among the young of animals such as fish! 
Natural selection has then an influence «in nature, 
destroying those animals which are less suited to Hie 
conditions of life than others, and with them their germ 
cells, which would give rise to further unsuitable off- 
spring. The expression “suited to the conditions of 
life” is merely a relative term. We cannot suy that 
an animal is perfectly or imperfectly suited to pny 
conditions^ but only that it is more or less suited than 
other animals. In considering how any kind of animal* 
multiplies, we must regard two things — the rate at 
which animals of that kind are born, and the rate ^t 
which they meet death while immature. They are saved 
from untimely death by their various attributes u their 
senses, their methods of defence, the mechanisms by 
which they obtain food. It is clear that no amount 
of perfection in these respects will cause a*race to 
increase, if the rate at which its members are produced 
is low. The fertility of«any race of living things is 
therefore of more importance 60 it than any other 
attribute. In considering the question as to which at 
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competing individuals or racos will succeed, we must 
consider all their attributes ; one race or individual will 
possess certain advantages, another may i>ossgsh the 
same advantages in different measure and perhaps 
special advantages of its own. The sum total of "the 
Advantages of the one is weighed against that of the 
other. Natural selection \yill be considered later on as 
an explanation oftidaptation. 

Tun Influence ov Isolation. -It sometimes happens 
that among a (Ammon and widely distributed si>ecies v 
certain individuals which are endowed with peculiarities 
not possessed by the majority, are born from time to 
time. These abnormal individuals, or sports as they are 
called, are in the first place the offspring of normal 
parents, and mate perhaps with normal individuals, and 
althougli,they may give rise to abnormal offspring, their 
kind rarely meets with much success, because they are 
ft) few among the normal multitude. The abnormal 
tftrain dies out unless it possesses a very decisive advan- 
tage over the normal. But flie case may be otherwise 
when a widespread species gives off by migration a 
number of small separate groups, which come to be 
separated by natural barriers, such as mountain chains 
or the sea. In a small community, an abnormal strain 
has a better chance of bedbming dominant It is well 
known that isolated areas are often inhabited by their 
own particular kinds of anfcnals, the like of which 
are not found in any 9 other place. Thus fact is waII 
illustrated by the rats of India. 
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We cannot with certainty distinguish the house cats 
of one town from those of another, if the towns from 
which they are taken are on the plains of India. This 
is true even when the towns are situated many hundreds 
of miles apart. The rats in one town often show con- 
siderable differences among themsejves, but distinctive 
peculiarities are rarely found, among the rats of any one 
town or district. But it is otherwise ^fith the housg rats 
which live in towns situated among the Himalayas. Rats 
taken from Katmandu, Darjiling, Hiftila, «r Kashmir 
can be distinguished from one another with confidence ; 
for the rats of each place have their own special pecu- 
liarities by which they can be recognized. Now, these # 
peculiarities or marks are often of the same kind as 
those met with on the sports which occur among the 
mixed lowland rats. For example, the rats of^Darjiling 
have white feet with black soles ; by this, and other 
features, we can recognize them. Lowland, rats hafe* 
brown feot with greyish soles; but sometimes we firfd 
a lowland rat with white # feet, not necessarily associate*! 
with black soles, and not always wholly white, sometimes 
the whiteness only affects the digits, or even only the 
onds of them ; but there is certainly a tendency towards 
the acquisition of white feet in some few of thejowland 
rats. Another case illustrates the same things There 
is au isolated race of rats iu the Madras hills whfch 
can be distinguished f hf the fact that the last part 
of the tail is white. There aift other races showing^ 
the same peculiarity in the islands of the Eastern 
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Archipelago. These races are distinct from one another, 
for they show certain other peculiarities, and ouch is in 
an isolated position. Now, tlio same jieculiarity a tail 
with a white end — may sometimes occur on individual 
rats found in Indian lowland towns, and more than one 
such sport may bg found in company ; for example, 
two may he. caught together in the same trap. Wo 
kno\j, therefore, •that intensive and continuous land 
areas may ho occupied by a large mixed species of 
animals, while neighbouring isolated areas may ho occu- 
pied by small pure races which are closely allied to the 
large species, and that the peculiarities which are tlm 
.distinguishing marks of the small races may occur 
occasionally in single sports, or in small groups among 
the large species. 

Sliest* remaiks do not apply to all characters, for all 
hill rats have long, plentiful fur, while lowland rats have 
Acre scanty fur. 

Isolation has therefore an influence in the formation 
iMid maintenance of races, ‘indeed, it is difficult to 
understand lufw a pure race can arise in the midst of 
a wide-spread, mingling race, unless it is isolated in 
some way. Isolation may be brought about in another 
way. Mutual sterility is a more effectual means of isola- 
tion between two animals titan any natural barrier, for it 
is’impassable. IP among a common species of animals, 
a few abnormal individuals Veje to appear, perhaps 
,as the offspring of tlfe same pair of parents, and if 
these were to be very fertile with one another but sterile 
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with all others, their descendants would preserve their 
special identity as safely as though they were. alone on 
an island. There is at present no direct evidence that 
species arise in this way, but the supposition that they 
do involves no impossibility, — for we know, firstly, that 
animals are sometimes born which are considerably 
unlike their parents; secondly, that sterility affects 
certain members of a species : ail •animal maj be 
sterile with one mate which is not in itself sterile, 
and yet be quite fertile with arother ; thirdly, we know 
that inbreeding is not always detrimental for a few 
individuals ; for example, rabbits can stock a continent 
with their kind. 

* i 

Segregation and Aggregation. -These factors have 
not been the subjects of much experiment, but are 
chiefly known from general experience. As an # example 
of what Is meant by segregation wo will consider tlio 
following case. Doer mid other animals arc often kept 
in parks running free and uncontrolled ; it sometimes 
happens that different domestic stocks are slightly 
different from one another. A herd rais^l in a contain 
place m&y be noticeably lighter in colour than a«herd 
raised elsewhere. If now two herds which are very 
slightly dissimilar bo introduced together iuto a park 
which is new to both, they will soon part company 
and roam independently. It may be* said that this as 
only what we should expect, which is another way of 
saying that the occurrence agrtes with our common 
experience. If men of two separate races be placed 
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in £n enclosure, as prisoners of war for example, 
they would form two groups. We may say that they 
would do this because of their reasoning powers and 
the diversity of •their language or dialect, but those 
men would only be acting in exactly the same way 
as tho deer, which are not provided with anything 
recognizably like our own reasoning power and language. 

It seems, therefore, to be a wide principle in nature 
that those animals which are unlike one anothor are 
segregative, *and those which are very alike are aggre- 
gative. It seems generally true that the sympathy 
and antipathy which men experience in their relations 
with one another, are based on their mental resem- 
blance and differences. This principle cannot, of course, 
be* regarded as a rigid law, for animals which are very 
unlike are not necessarily repulsive to ono another. 

The question of selective mating is one with the 
^Igestioli of aggregation. Very little is known aliout 
selective mating except that it is not a haphazard 
process, but is guided by troseiublances. Animals 
usually find t^eir mates among their own race; but 
a racq, is divisible, and it is probable that the divergent 
members of a raco which resemble one another in their 
divergent characters are especially likely to select one 
another *for breeding. In the future we shall no doubt 
leajrn mftre about qpch matters by experiment. 
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ADAPTATION 

All living things are Knitted or adapted in their form 
and activity to their surroundings. If they wore not 
so they could not live ; a bird cannot live' i>ermanenlly 
in the water, a fish cannot live out of it. Wo can see 
^adaptation among living things in two separate eases 
• The first of these \nay bo called individual, or acquired, 
adaptation: when the circumstances which sunoimd 
any indivicftinl living thing become changed, that 
individual may change in form or attributes in such 
a way that it Incomes suited to the new circumstances. 
The second class of adaptation may bo called inherited 
adaptation. We »ee it in all organisms which are 
already adapted at birth to the lito thoy must lead 

[< is jieces&try to draw a lino between these two 
classes of adaptation. I will quote words wijften this 
ydtir. •* the present position of biological science 
evidence of adaptation is commonly accepted as pre- 
sumptive evidence of the actifln of natural selection.” 

Tf this is the general opinion of biologists at the present 
» # 
day, it is necessary to draw a distinction between 

acquired adaptation and inherited adaptation, for wo 

know that acquired adaptation cannot bo explained by 

natural selection, because an individual organism may 

become adapted at once to circumstances which are 

occurring for the lirst time, inherited adaptation can 

alone be explained by tl*e action of natural selection. 

AcQriusD Adaptation. The following examples will 
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show what is meant by “acquired adaptation.” {They 
are examples of changes which take place in an 
organism in response to a change in its circumstances, 
and are such that they are for tfie benefit of the 
organism to enable it to withstand the new conditions. 
Such changes may be temporary or permanent during 
the life of the individual. 

1. At the commencement of thl. cold seasop, the, 
hairs in a horse's skin become longer and more 
plentiful. When the warm weather* returns the hair 
falls out in large quantities. This is probably true 
of many other animals, but it is most noticeable in 
the horse. 

2. When the skin covering a man's shoulder, or 
the neck of an ox, iH subjected to frequent pressure 
and friction in carrying burdens, it beccpnes «very 
thick, o'tjjierwise the skin of these parts would not 
save the underlying tissues from the effects of (tie 
pressure and friction. 

3: If the stems of softie of a number of like seedling 
plants are subjected to tension by a string to which 
increasing weights are attachod, it will be found that 
they break on the application of a certain strain. If 
now the remainder of the seedlings be subjected to a 
a tension which is somewhat less than the breaking 
strain for a few days, it will be found that they lnve 
undergone a change,^ afld have become able to with- 
stand a tension much greater tll&n the normal breaking 
strain. 
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If a man be in the habit of taking drugs, such 
as morphia, alcohol, or arsenic, in small and increasing 
doses, it will he found that he becomes changed, so 
that he can withstand doses of those drugs which would 
usually be fatal to othei men. 

5. If an animal be tieated with small and increasing 

(loses of an albuminoid poison, such as snake venom, 

• 

tv bacterial lo\m,«or the vegetable {Masons ricin mul 
nbrin, it will be found that be can soon withstand a 
fatal dose ol those poisons. These eases seem essen- 
tially like the last, but there is this difference iictween 
the two. Boon .liter the injection of an albuminoid 
pohion, a substance known as an autibody will apjxiar 
in the blood of the animal. An antibody will neutralize 
or Tull the particular poison which called it forth, just 
as ay alkali will neutralise an acid. It is only in the 
case ot albuminoid poisons that antibodies are ’formed ; 
Hutiniorplnno or anliarsonic are not found in the blood 
of>an animal which has been treated with nior]>hine or 
arsenic. The rehults which fellow the injection of a 
cbenycal poisoty aro therefore different in their mode 
of occprronto from those which follow an injection of 
an albuminoid poison; but the cases aro similar in 
effect in that the dhango which is wrought in (he 
organise! is in the direction, ot benefit to it. It seems 
tha£ there must some essential resemblance in the 
two cases which we do not understand at present. 

6. Tho process of healing raa^ lie considered as a 
necessary or adaptive change which takes place in an 
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organism in response to an injury. Healing is brought 
about by regeneration, by the formation of new cells 
which grow out from and become arranged in the same 
way as the other colls of the body, ns opithelia, as blood- 
vessels, or norve fibres ; in many of the lower animals 
this process is much more complete than in the 
mammals, so that the regenerated (fells become arranged 
with great precision, and produce a n#w organ in every* 
way like the old one which it has replaced. * For * 
example, if a lizard’s tail be broken off, # it becomes 
replaced by a new one in a few weeks. The process 
can often be watched in wall lizards in India. It hi 
plain that lizards are much more likely to lose their 
tails by accident than other animals, and that they caif 
regenerate their tails much more easily than other 
animals. 

7. The behaviour of animals becomes altered in 
accordance with changing circumstances. If a pair j>f» 
pigeons lie placed in a very large cage they will produce 
young time after time. *If now the same pair be trans- 
ferred to a very small cage they will produce no young. 
At predbut there soems to be no explanation oj this, 
except that it is better for the pigeons to remain as 
two in a small cage. 

Inherited Adaptation. j-Oases of inherited* adapta- 
tion are so numerous that they ueec^not be mdhtioned, 
for it is obvious that all 'individual organisms, in virtue 
of that which they inRerit from ^heir parents, are more 
on less adapted to their surroundings. The mostf 
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strilyng examples of this adaptation are afforded by the 
protective resemblances of certain animals, especially 
insects and marino creatures, which iu shape and colour 
resemble their surroundings so closely that they are 
naturally concealed either from their enemies or from 
their prey. Other wonderful examples are seen in plants, 
especially orchids, in which the flower is remarkably 
adapted to be pollinated by insects. 

Tfio explanation of inherited adaptation is as follows. 
It is assumed that living things tend to vary or differ 
from one another in all directions. When any change 
takes place in the circumstances *of a population, since 
the members are varying in all directions, some of them 
must he swlapted to the new circumstances. These 
adJpted ones will live more easily than the others, they 
and Jheir descendants, which are like them, will be pre- 
served ; the majority, which are not adapted to *thn new 
Conditions, being at a disadvantage, will dwindle and die 
out. If this is a true explanation, a race can only 
change when its circumstances change. The theory is 
directed to explain adaptation, for it supposes that 
variation is* no more likely to occur in the. direction of 
adaptation than in an opposite direction, or thousands 
of other directions; hut because it takes place in 
many directions, some few. animals must be adapted 
to .almost any circumstances which may arise, and it 
is those few which are preserved by natural selec- 
tion, hence living things are adapted. The question 
’cannot be further discussed here; any one who.ais 
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interested in biology should read the works of Dagwin 
himself. 

It is generally believed by biologists that the changes ' 
which take place in any individual during its life are not 
effective in producing change in the sequence of in- 
dividuals which replace one another^ by death and birth. 
The important question, Are acquired characters here- 
ditary ? is usually answered in the negative. This is in 
accordance with general experience, for although age in 
parents often loads to wisdom and experience, younger 
sons are not as a rulo wiser and more experienced than 
their elder brothers. *At any rate, it has not yet been 
shown that the acquirements of individuals aro added 
through their offspring to the heritage of the race ^ to 
which they belong, and wo may be sure that any 
important change which occurs ill a race takes # place by 
the substitution of offspring for parent, when they are 
different from one another. At present there, is no prctof 
that the changes which take place in the substitution t>f 
offspring for parent are particularly in the direction pf 
adaptation; on the contrary, we know for certain* that 
Buch changes are sometimes in tjie opposite direction, as 
when the child of healthy parents is malformed, and we 
know also that many of the changes appear to be 
indifferent, i.e. neither adaptive nor unadaptive. # We do 
not yet know whether a population, around which 
circumstances are changlhg so that the new conditions 
are unsuitable, can become chan^d by the production of 
individuals which are suited to the new conditions ; but 
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we mast remember that if such adaptive changes, which 
are directly called out by the needs of a population, 
actually occur, it is not in itself more wonderful than 
our experience o! individual adaptation, by which we 
know that changes may often occur in an individual in 
direct response to its jieedtf. 



CHAPTER X 
VARIATION 

We know that no two living things are exactly alike, 
though, as a rule, the members of ft racd or kind oE 
organism which live and breed together are very like one 
another. The terra “ variation *' is difficult to delino ; it 
is used in a general way to express the differences whiefy 
we see when we compare, one with another, a large 
number of the members of a race. Wo may also apply 
the term to those differences which occur between a 
parent ami its offspring. It may seem that the second 
definition is included in the first, for it is often thought 
that a parent and its offspring must always be of the 
same kind. It is, however, not always true that • a 
parent and its offspring must be of the same kind. 
The following is a well-known exception. It halt hap- 
pened, on more than one occasion, in different parts of 
the wyrld that horned animals, both cattle and sheep, 
have produced hornless offspring, and that these latter 
have iu their turn produced hornless progeny, even 
When paired with horiied mates. In the ordinary 
sense of the word, horned and hornless animals arq 
of* different* races. We must therefore dismiss the 
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assiunption that a iiaront ami its otlspriug must always 
bo of same kiml. 

Variation may be studied in two ways, either by 
examining and comparing largo iiuiiiIhts of indi\iduals 
which arc found living and breeding together and appear 
to be of one race, or by the more exact method of 
breeding experiments, in which parent and offspring 
Van ^e com pared® and their dilTeiettees observed. The 
first method is easy, but it is unsatisfactory in practice, 
for when itbnoriftal individuals which are unlike the 
majority are mot with among the race examined, they 
may lie considorid by the observer to be intorlo|M*rH ot 
another race, and in making his decision as to their 
nature there is nothing whatever to guide him. No 
such objection can be raised against the study ot 
variation # by breeding experiments in which the parent- 
age of all the* organisms, normal and abnormal, is 
§ lftiown. Unfortunately, prolonged breeding experiments 
ato tedious and difficult. It sometimes happens that 
naturalists meet with pareirt animals together with 
several ot thejr offspring which may bo captured and 
compared f this is a a third method of studying the 
question which is as ceitaiu as the second method, 
though more limited. 

If w*e are to study animal variation in a general way, 
by examining alb those differences which can lie seen 
among the members of a race, we must first inquire 
“briefly into what is cniMed chance. Jf a coin las spun in 
the air and allowed to fall, it will lie with either* the 
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“ head ” or the “ tail ” side uppermost. There seeing to 
be no reason why it should fall more often in one 
position than in the other. If the coin be tossed one 
thousand times, it will fall nearly five ifundred times in 
one way and nearly five hundred times in the other, way, 
otherwise it has not been falling by chance. If now two 
coins be tossed together they will be found lying so that 
both heads, 2H, or both tails, 2T, or on« of each, HT, are 
lying uppermost ; but it is more likely by twice that HT 
will appear than either 2H or 2T, while it is equally 
likely that 2H and 2T will appear. When two coins are 
tossed the forces which "determine the manner of falling 
act equally upon four things, 2H and 2T, only two of 
which fall uppermost at one time. A particular pair of 
the four is not more likely to appear uppermost th&n 
any other pair, consequently the combination HT i$ust 
appear trfice as often as either of the others. If this is 
not obvious to the student, lei him considor the care* 

9 

when one coin is silver aud the other copper. There will 
then be four serrate things, one copper head and tail 
(CH,CT), one silver head and tail (SH, ST), for the forces to 
choose f Am. On tossing, the four different combinations 
SH— CH, CT-ST, ST— CH, SH— CT are all equally 
likely to appear uppermost. But if we disregard the 
quality of the metal the result is the same as bef&re, HT 
occurs twice as often as either of the offers. 4 # 

By simple calculation* therefore, we can find the 
result of tossing two feoins on many occasions without* 
performing the experiment. By further calculation a 
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mathematician can find the result of tossing ten coins 
a large number of times, that is to say, the roault when 
twenty things of two kinds (10H, 10T) are taken by 
chance ten at a time on a thousand or more occasions. 
It is plain that in such a case the combination 6H — 5T 
is more likely to appear 'than any other, and that 10H 
or 10T must not only be very rare, but must be equally 
rare.. The result* as calculated by a mathematician is 
shown below side by «ido with the result of an actual 


experiment* in wliicli ten 

new rupees 

were tossed 1021 

times. 


Tail. 

Calculation. 

Experiment. 
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It is interesting to compare the results of the experi- 
ment wjth the result of the calculation. They are nearly 
but not quite alike; this is’because the coins fell nearly 
bftt not quite by^hance. Some influence was at work 
which prevented them falling qntirely by chancy It 
will be noticed that %y calculation the combinations 
6H— 4T and 6T— 4H should occur.equally dften, the ifine 
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is true ol the combinations 7H- 3T and 7T— 3H, and of 
the others when taken in pairs ; but in the experiment, 
the combinations 6T — 411 aud 7T— 3H, etc., occur some- 
what nioro often than they ought to. ^This is probably 
because the figure on the head side of the coins, which 
were new ones, was heavier than that on the reverse, 
consequently it was slightly more likely that the tail 
side should appear uppermost. The result of such 1 
experiments are best displayed to the eye by means of 
diagrams, in which numbers are represented by lines 
containing as many units of length. The result of the 
calculation and of the experiment are shown side by side 
with the diagrams on Plate XV. 1 think that this illus- 
trates what is meant by the saying that certain events 
happen by chance ; in the experiment the coins fell nearly 
but not quite by chance. 

We may now pass to the question of variation. 
The differences which occur among the members of* a* 
race of living things often occur as though by chan<!e, 
but by no means always 3b. This enables us to recognise 
two kinds of variation : the one which oqcurs as though 
by chance is called tiuetuating^variution; the other is 
called mutation, for it is believed that only this kind of 
variation is effectual in the production of new species. 
This method of analyzing variation, which was proposed 
by Do Vries, lias been accepted by many biologists, but 
not as yet by all. 

Fluctuating Variation. — If * the height of a large 
n&mber of men of one race be measured, it will be found 
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thaj the measurements can lie naturally arranged much 
the same way as the results of the coin-tossing. In the 
case of the ten coins it was found that the combination 
5T -f>H occurred more frequently than any other ; it will 
also J)e found if the measurements of the men are 
examined, that one particular height, sixty- nine inches 
for Englishmen, occurs more frequently than any other. 
1 Uiis^particular measurement is called the moan height 
of the race. It will he found that the frequency of occur- 
rence of tli£ other measurements becomes loss and less 
as the measurements become further and furthertremovud 
from the mean, both above end l (blow it. The similarity 
of the results of the coin tossing and of the measurements 
becomes apparent when both are arranged in a diagram, 
iif w'liich the frequencies arc represented by lines of 
proportional length. When largo numbers. of organisms 
of any race are measured as to any particular feature, 
it wiir usually be found that the measurements can he 
»wranged symmetrically about a mean, just as in the case 

of the statures of men. Normal variation of thm kind 

• 

occurs in every detail of every race of living things. Jn 
man # it occurs as regards height, weight, length of 
span, length of cubit, or any attribute which can be 
measured. It may interest the student to know tliat it 
is approximately true of th^ number of marks obtained by 
candidates in examination, which may be taken as a 
rough estimate of mental capacity. Examiners find that 
if their , question papeigs are well "adapted to the powers 
of the candidates, a majority of them will obtain ajumt 
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50 per cent, of the full marks, a smaller number # will 
obtain about 75 per cent., and an equally small number 
will obtain about 25 per cent. When the majority, that 
is to say, the average students, obtain About half marks, 
the line which separates passed from failed mqpt be 
drawn at about SO per cent, or 70 per cent, of the full 
marks, and never at 50 per cent. *It cannot be justly 
drawn through the middle of the average men, but must 
be drawn either above or below them, so that they are 
rejected or passed as a whole. This illustration is not 
meant merely to amuse the student, but to point out 
how a knowledge of variation may be useful in daily life. 

Let us now consider the question as to whether 
fluctuating variation plays an important part in the 
production of new species. There is much difference bf 
opinion among Biologists on this subject. The question 
can be illustrated . by the following imaginary example. t 
Let us suppose that upon a stable race of men, the • 
mean height of which is sixty-nine inches, an edict 
is enforced forbidding aH persons under that height 


PLATE XV. 

A. Diagram showing the expected result* of tossing ten coins on 1024 

occasions, as calculated by a mathematician (see text). 

B. Diagram showing the aotual results obtained by trial ; ten newly 

minted rupees were used for the experiment. 

C. Diagram showing the weights of a thousand mature rata which 

were caught in Poona. The figures on the base line show the 
weights of the rats in grammes. The upright lines show the 
numbers of rats of each weight, and must be referred to the ooluxBn 
of figures op the left ; the lengths of the uprights are proportional 
to the numbers shown tjiere. 

D. A diagram similar to 0, but construe ted from more numerous and 

more accurate measurements (stature in inches of 4426*English- i 
ijnen, record'd by the Cambridge Anthropometrio Society). 
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from becoming parents. There is no doubt tha^ in 
two or three generations the mean height of the race 
as a whole would be raised. If now the edict, after 
being in force for several generations, were to be 
removed, what nvnld happen? Most biologists agree 
that the mean height of the $ice would not remain at 
the new level, but would sink bftek to the old one 
after a few more generations! The question now arises 
as to whether it would be possible by any meaiis of 
selection to produce a permanent or atablo /ace of tall 
men. The opinion is held that it would be possible, 
not by indiscriminate* selection of the tall, but by 
selecting special individuals which are not only tall 
themselves, but are ondowed with a special power of* 
procreating tall offspring; these individuals are muni- 
tions as regards tallness which may be mingled yith 
tho •fluctuating majority. According to this view two 
tall men *of equal height seventy-two inched- -bi*t 
different parentage may. as regards their tallness, be 
essentially different fron* one another: the one may 
belong to tho common line of the race,^ the variation 
which he shows oeing a fluctuating variation j— his 
offspring will not be of unusual height; but the other 
may belong to a different line, the mean height of 
which is, perhaps, seventy-t^ree inches — this nftm will 
have the power of procreating tall offsjjfing. * # 

We can understand to^some extent why an attribute 
should fluctuate as though by chance. If it were pos- 
sibly to asce^ain the weight of food which passes the 
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lipj of every man in a large town during a certain 
period of time, there is little doubt but that wo should 
be able to arrange the mauy values in a rough 
symmetry on eiflier side of a mean, much in the same 
way # as the results of the coin tossing were arranged. 
Food is merely one ot a. large number of things which 
come to an organism from without and influence, it; 
the term “food "•itself includes mauy different kinds of 
substance. It is probable that every force or substance 
which influences growing organisms can, as regards 
the various degrees in which it influences them indi- 
vidually, he arranged in the suihe way as the amounts 
of food per man could he arranged. Hence we can 
understand why the effects of the influences should 
be distributed in a similar manner. 

•Mutation. - The opinion is held that fluctuating 
variation is a constant phenomenon which* is to be 
iteen in qyery organism and in every part of it, and 
ttiat it plays no part in the production of new species. 
JUutation is regarded as a * 1038 ' constant but by no 
means rare pccurrence, which may be effectual in 
establishing new species. The question as to* whether 
or not a mutation shall establish a new race is decided 
by its relative fitness in competition with those already 

established. The term “ mutation ” was introduced by 

* 

De Vries, who -found that on sowing the seed of a 
certain plant, Oenothera Lftinarckiana, the seedlings 
which were raised wete not of ono kind, but of several 
kinds. Oenothera possesses self - fertilizing (loiters. 
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Daring eight years about 50,000 plants were raised, 
all from the self-fertilized seed of 0. Lamarckiana; 
about 800 of these were unlike the parent form. 
Among these unlike ones were seven different kinds; 
some kinds appoared only once or twice, others* were 
delicate and difficult to raise, # but jit least three kinds 
appeared on many occasions, and were strong and hardy. 
The kind named Oblongata appeared •no less than 850 
times; in every case, be it remembered, from the seec^ 
of self-fertilized 0. Lamarckiana. Th*ese special kinds 
were called mutations and regarded as new species, for 
it was found, when their seed was sown, that the 
offspring of each came true to its own kind. This is 
regarded as an example of the way in which new 
species arise. Among a race showing fluctuating varia- 
tion a few individuals arise, which possess a character 
or characters not possessed by their parents, or by the 
majority of the race, and these few will produdb 
descendants like themselves, perhaps in such large 
numbers finally that a new race becomes established. 
If new species arise in this way other* similar cases 
will doubtless be observed in the future. 

Although the truth of this theory is afe yet undecided, 
there is no doubt that by assuming it to be Jrue we 
can explain certain facts ih the distribution 0 of the 
varieties of animals. The recent Campaign agairfet 
rats, which was undertake!! because of plague in India, 
disclosed certain facts in the ‘distribution of these 
anilftals which can be explained by this theory. The 
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congnon rats of India are usually of a dull brown 
colour, but in some places groups of rats are found 
in which the fur of the ventral surface is pure white. 
Rats of this kind are not found in one particular area, 
but o$cur here and there throughout the whole country. 
In the Punjaub, out of sixty-two villages in which many 
rats were caught, ftiree contained these white-bellied 
‘ones.^ Again at <Poonu, where 40,000 common brown 
rats were killed, twenty white-bellied ones were caught 
in a few adjacent houses in the heart of the city. 
Rats of a black colour occur in similar isolated groups 
in certain places, although they hro less common than 
the white-bellied ones, lists in which the tail is 
partially white, and others which are marked with a 
wEite line on the breast, occur similarly in isolated 
groups. These facts are readily explained on the 
supposition that the germ cells of the coinmrtn brown 
Vats, although producers of brown rats as a rule, occa- 
sionally give rise to abnormal forms which are of 
^finite kinds, the same kind ’appearing in widely 
separate plac^p ; in other words, the facts can be 
explained on the assumption that tho gametes* of the 
brown rats are behaving in the same way as the 
gametes of 0. Lanmrckiana. 

It has long been known that parent animals may 
give rise to offspring which are distinctly unlike their 
parents, and that these offspring may at once breed 
true to their own kind. I will 'quote a passage from 
a well-known book: “In Paraguay, during the last 
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century (1770), a bull was born without horns, although 
his ancestry was well provided with these appendages, 
and his progeny was also hornless, although at first 
he was mated with horned cows. If the horned and 
the hornless were met in fossil state, we would certainly 
wonder at not finding specinfens provided with semi- 
degenerate horns, and representing the link between 
l)oth, and if we were told that tho* hornless variety 
may have arisen suddenly, we should not believo it 
and we should be wrong. In South America, also, 
between the sixteenth and eighteenth centuries the 
Niata breed of oxeu sprang into life, and this breed 
of bull-dog oxen has thriven and become a new race.. 
So in the San Paulo provinces of Brazil, a new bregd 
of oxen suddenly appeared which was provided with 

truly enormous horns, the breed of franqi^airos? as 

• • 

they are qplled. The maucluimp breed of sheep owes 
its origin to a single lamb that was born in J.828 frofli 
merino parents, but whose wool, instead of being curly 
like that of its parents, remained quite smooth. This 
sudden variation is often met with, and in Prance has 
been noticed in different herds” (Do Varigny). 

Other cases similar to tho above are known. Among 
them we may mention the case of the black -backed 
peacock, examples of which may be seen at the Zoological 
Gardena in Calcutta. The black-backed peacock is like 
the common peacock except that it is somewhat smaller, 
and the back and shoulders ar^ black and glossy. It 
apfAars occasionally among flocks of peafowl both in 
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the^jungle and in captivity. Wo may make four stato- 
monts about tho black -hacked peacocks. They are, in 
the first place, the offspring of common peafowl. They 
produce offspring of fclieir own kind. They apjjear 
independently in widely separate places; for example, 
both in India and in Europe. Peacocks which are 
intermediate in colour lie tween the two kinds are 
rarely if ever nftt with. I do not think that those 
statements have ever been proved incorrect. Wo 
thereforo lftiow that a new nice of organisms may 
appear at a step, that is to say, the whole difference 
which separates two races may apjMjar in the first 
.place he tween parent and offspring. If the hluek-hackod 
peacock were to he sterile when mated with tho common 
kind, hut fertile with its own kind, we should know 
thonctiutf origin of at least one species. 

• * 

The difference between the two variety of jiea- 

» • 

cficks is a good example of a mutation, for the difference 
is uncommonly wide, and very visible to our eyes, 
dn the other hand, there scelns to he no limit to the 
narrowness ok the heritable differences between a parent 
and Its offspring. J3yt wide or narrow it is a fair 
assumption that the differences are passed from parents 
to offspring in the same manner, which will be described 
in the pext chapter. 

• Causks or Variation. The theory of the origin 
of species by mutation doej^not deal with the cause 
of the origin, but describes the manner in which new 
species arise. It is most important that <fhe manna? in 
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vhich events occur should be clearly understood beiore 
we commence to search for tho cause of the events, 
[he causes of variation are in the main unknown, and 
will probably remain so until wo know something of 
the real nature of living matter. 

Although the question does* not appertain to biology 
in particular, it .is well to consider what we mean by 
a cause. Many of the occurrences tfhich we se^ are 
not single or isolated, but are preceded and succeeded 
by others. Many occurrences which 4 appear at first 
sight to be single or spontaneous prove on examina- 
tion to be merely par? of a sequence of occurrences. 
We therefore assume that every event has a precedent 
occurrence (or cause, as it is called), although often 
we can neither see nor understand it. When we 
cannot • understand the cause of an event we 9 confess, 
or perhaps^ hide our ignorance, by applying a term to 
the unknown cause ; for example, we do not Jmow why 
bodies fail to the ground— we express the fact by saying 
that it is due to gravity. Again, we do not kmn& 
why a horned creature should give birth to hornless 
offspring*; we say that such an f event is spontaneous, 
but we believe that such an event has a cause, although 
we are quite ignorant of it. It is well to keep in 
mind — 

1. That events always occur in sequence, the cause 
of an event is merely the event or events which 
precede it. 

•A Although it is necessary to apply terms in order 
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to gxpress unknown causes, we must keep clearly in 
mind when causes are unknown. 

3. When we know the cause of an event we can often 
control that evefit. We search for causes in order to 
control events. 

Although we are for. the most part in ignorance 
of the causes of vacation, there are several well-known 
> cases of a species changing in an orderly manner 
in response to some change in its surroundings, 
that is to # say, whenever the particular condition is 
brought to bear on the particular species the same 
change will take place in that ftpecies. The following 
examples are among the i>est known of these. 

1. Plants which grow on mountains at a great 
altitude are dwarfed and compact;- they have greener 
leaves and brighter flowers than plants of the same 
species which grow in the lowlands. If seMs from 
•lowland plants lie sown upon the mountains, The plants 
which spring from them are of the dwarfed type, if 
a. single plant he divided, and oife half he planted on 
the mountain and the other half lie set in the plain, 
the fy'st will become dwarfed and bright colored, the 
second will lie taller, and its flowers will lie less bright. 

2. There is a small shrimp-like Crustacean called 
Artemii •which lives in brjne pools. It occurs in two 
foyns, according # as the amount of salt in the water 
of its abode is small or great. When Artemia is 
bred in a salt solution of sp&ific gravity 1*02 the 

'tail is of a certain size and shape, it ^la lobed t *nd 


T 
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provided with bristles ; but when the animal is Jbred 
in salt water of specific gravity 12, the tail becomes 
smaller and loses the lobes and many of the bristles. 
The change takes place in a progressive manner if the 
amount oi the salt be gradually changed 

3. There are certain flat, fish in the sea which 
have the peculiar habit of lying ftpon the bottom for 
short periods of time; in swimming ^hey glide through# 
the water in a horizontal position, not in the vertical 
position commonly assumed by fish. •Thesifc fish, which 
uro known as the Pleuronectidae, are white on that 
side which is not exposed to the light; if they be 
kept for some months in a glass-bottomed aquarium 
which is illuminated by mirrors from below, the white 
lower surfaco of the fish becomes pigmented in the 
same manner, though not to the same o\tent, as the 
uppbr sfirf.tco. Other cases similar to the abovo are 
known. 

Such changes are beliovod to be the result ^f 
special conditions acting upon each organism as .it 
grows. The gametes of both types of Artemia, for 
example, are assumed to be alike at the time oj their 
formation ; howevor long the two types may have been 
living separately in salt water of different strengths, 
the change which determines the different kinds conies 
upon the animals as they grow. Changes of this kind 
are not inherited hi an$ degree whatever. This is the 
opinion of most bioldgists at present, and it has not 
yet been sho^n that this opinion is incorrect. 
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Little can be said at present as to the causes of 
mutations which depend on gametic factors and are 
inherited. Let us consider the case of a hornless 
cow, or of a bfaek-baeked peacock, which are horn 
from •ordinary parents Such unusual events are 
known to occur independently in separate places. 
From a scientific point of view, wo must assume tlml 
in eajli case the change is duo to a particular external 
condition, which has influenced the germ cells of the 
animals in the srfhie way on oacli occasion. We must 
also assume that each organism is specially liable to 
be inlluenced in its own particular direction. In other 
jvords, thero is a relation between the nature of an 
organism and the nature of Ihe conditions which 
surround it ; so that if wo could discover the conditions 
in any (#.se, we would bo aide to bring about the 
change in the species at wiU. Such 'discoveries Ixilong 
To®tbe future, and no one can say how distant that future 
n&v he. 



CHAPTER 

HEREDITY — THE DISCOVERY MAJJE BY MENDEL 

% 

The term “heredity” is indefinite. It is used in the 
following way: We say that an offspring kesembles its 
parent because of heredity, or that an offspring inherits 
the quality of its parents. The quality which is trans- 
mitted from parents to offspring is sometimes called th/3 
heritage; the nature of the heritage and the manper 
in which it is transmitted are the subjects of the study 
of ^ereclity. In the first place, tho heritage is considered 
not as one thing, but as a combination of many things 
called characters, which are handed from parents* to 
offspring as separate units ; for example, a mail's 
stature, the pigment in his eyes, and the quality *of 
his htyr are regarded as separate characters. Most 
organisms arise from the union of two gametes, H>ne of 
which is contributed by either parent. Parents which 
come togetlior for breeding are not wholly alike ; as * 
regards most of their characters they are ajike, but 
either parent may possess one ot nftre extra character 
units which 1 are not p(es£nt in the other. If we examine 
the offspring of unlike parents, *we may find that somq 
ol 'them nosfcess the extra characters of the one parent. 
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white others possess those of the other. The manner in 
which the characters of two unlike parent organisms 
are distributed among their descendants was discovered 
by Gregor Mendel in the year 1865, during some experi- 
ments on the cross-fertilization of plants; but the 
importance of the discovery was overlooked until 1900, 
since when it has become widely known and extended. 

Itf science it* is often necessary to make use of 
hypotheses. For example, chemists have propounded 
the theory Jliat afl matter is composed of units or atoms, 
which are of different kinds, and comhiue together in 
a definite maimer to form the many kinds of material 
.which we know. Although no one has seen these atoms, 
it # is certain that by assuming their oxisteuco the science 
of chemistry has Ixjen much advanced, and it is equally 
certain that owing to this advancement man has acquired 
a considerable control over the material world B 

.It hasdilso become necessary to make use of hypo- 
theses in biology, and to assume the existence of certain 
units, or factors, as they are* called, which lie in the 
gametes of ' all organisms, and determine the characters 
of th ft offspring which prises from the gametes. Accord- 
ing to thig theory, the whole nature of any organism is 
predetermined at the time of the formation of its parents* 
gamet^C and corresponds "to the number and kinds of 
factors which pais into the gametes at the time when 
they become distinct from <he^ soma or body of the 
parent, and is finally determined when the two gametes 
meet to form the zygote from which the organism atftes. 
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Our knowledge of characters and factors is in an 
early stage, but it seems that eventually we shall be 
able to classify them ; for although each character is a 
different thing, some are more like one another than 
others. Let us consider the following cases. A number 
of plants are found growing together in a certain place, 
they closely resemble one. another, except that a 
few of them have hairy stems and Ibaves, while, most* 
of them are quite smooth. In this case a few plants 
possess the quality of hairiness, a definite fft id tangible 
character which is not possessed in any degree 
by the majority of the plants. It may seem that 
such a case provides us with a clear idea of a* 
character; but such an idea is too exclusive, as tjie 
following case will show. Two animals or plants may 
resemble ( one another very closely except a% regards 
their totnl^size, or as regards the size of some particular 
part of them, or in the degree of an attribute, such is 
pigmentation. Therefore, quantitative differences are 
also to be regarded as characters, determined by factors 
which lie in tho gametes. The colours of animals 
afford good examples of factors. An albino arfimal, 
which has no pigment in any part of its' body, is 
devoid of a factor for pigment. As regards colour, some 
animals appear in several states. A common example 
of such an animal is the horse. Maffy terms are used 
to describe the colour ^of* horses — chestnut, bay, black, 
etc. — but two persons who are acquainted with the terms 
in use will nuftly disagree over the application of a term 
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in tny particular case. Each of these several coloured 
states is not necessarily the result of a separate factor, 
each different from the other, and each an addition of 
1 to the Albino state, which may, as regards colour, he 
reckdhed as 0, hut of the several colour varieties which 
are apparent to oui; eyes*— one may Ik* due to a factor, 
,A; a second to a combination of factors, A -b 1) ; a 
third to a combination, A f H + C. 

If we leave the question of the kind of pigmont, and 
regard only the distribution of the pigment, we sue 
characters which seem, as a class, to he somewhat 
different from those we liavo been considering. Horses 
of all colours are liable to show a white patch on the 
fy rehead. This may l>e continuous with a long white 
patch which extends down the lace as far as the nostrils, 
whA'o iU may end, or it may be continued qn to the 
nose. # Sometimes the forehead patch is absent, although 
flie long patch down the fnco is present; sometimes the 
nose patch alone is present. lt # is so well known that 
there are three separate tilings present in the marking 
of a horse's •face that each lias received a ^separate 
technical name; any one aloue, any two, or all three 
together * may be present. These three characters are 
separate tilings, for they are each related to a different 
region# of the horse’s factf; but as characters they are 
ifiuch more like tme another than they aro to those of 
the general coat colour; the$ rpfer not to the kind of 
pigment present, but* to its distribution. It must npt 
be thought that colour variation, such As can be* seen 
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in the horse, are in any way peculiar to domestic 
animals. Wild animals may be very variable in colour ; 
conversely, domestic animals may be # very constant. 
Asses have long been domesticated in many ports of the 
world, but, unlike horses, they are almost always of the 
same colour. 

Characters are not always tangible things of colour 
or of form. The timo of the year at whidh a plant flowers, 
the number of young produced at a birth by an animal, 
the resistance of any organism to the parasitfc invasion 
of another, are all examples of characters determined 
by gametic factors. 1 hope that these examples will 
convey a general idea of what is meant by a character 
and factor. There are difficulties in the way of under- 
standing or of defining the term with exactness. Some 
characters Beem to vary directly with the conditions 

i * , 

which they obviate, Ear example, there can be no 
doubt that the pigment in the skin of man is to preveut 
damage to the delicate parts of the body by the sun's* 
action, nor can there be any doubt that the fur of* 
animals is to retain heat. The men of northern Europe 
are fairer than those of southern* Europe ; these ate in 
turn less dark than the men of northern Africa* 1 who are 
again much less dark than those who live near the 
equator. The fur of animals' varies in the samq way : 
rats which live in the hills have plentiful long, soft fut, 
while those which live f hf the hot plains have short, 
scanty fur ; those living in the" foot-hills are inter- 
mediate between the others as regards the quality of 
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their fur. Moreover, characters of this kind vary 
within the lifetime of the individual, for at the com- 
mencement of the cold season the hair of animals 
becomes long and plentiful, but when the hot weather 
returns the surplus hair falls off. In the same way, 
the fair human skiu # acquires some temporary pigmenta- 
tion if long exposed to a tropical sun. Characters which 
vary; with the cdhdi Lions they obviate are not common ; 
but varying conditions, such as heat and the suii’b 
intensity, toe f8\v. Characters, therefore, do not all 
seem to behave in the same way. We know, however, 
that ipany characters are handed from parent to 
offspring in a definite manner. 

# A pure race is a group of organisms usually found 
living together which rosemble one another very closely ; 
in 6ther# words, we may define a pure race as one in 
which all the momliors possess the same number and the 
lame kinds of characters. So many are the characters 
Ghat go to make up an organism, and so little appreci- 
able to our senses are some of them, that we may doubt 
whether a ka<$ of organisms is ever actually pure in tho 
ternfa of the above definition ; but some races are purer 
than othdi$, and for convenience we may speak of a pure 
race. 9 If we examine the successive generations of a 
pure ipee, we are apt to 'overlook the fact that each 
organism consist# of an aggregate of separate characters ; 
because all are so alike we n&y # not see their composite 
nature. But it is notMifficult to find two raceB of organ- 
isms which resemble one another very •closely esdept 
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in one character : perhaps one race possesses a^ tangible 
structure which the other does not possess ; perhaps as 
regards a particular quality, such as colour, the two races 
appear different. Races which differ from one another 
in this manner are by no means uncommon in nature ; 
they may be found living side by si<Jp among the same 
conditions. It is by studying such different races, and 
the generations produced by cross-b?eeding, that we 
learn how characters are transmitted. 

As an example of two races which* differ* from one 
another in one character only, we may consider two 
races of flowering plants which are unlike in the .colour 
of their flowers. Two races of plants, the one bearing 
white flowers, the other bearing red flowers, are croqp 
fertilized by placing the pollen of the ono on the stigma 

of the othgr. The offspring plants which are raised fi'om 

• • 

the seod of. these unlike parents will all be alike if the 
parent plants were chosen from pure races, but wl 
cannot know without trial what the offspring will 
actually be like. We know, however, that they must be? 
of one of three kinds. They may all resemble ono 
parent, or they may all resemble the other patent, 
or they may all be of a third kind which ifr'more or 
less intermediate in outward appearance between the 
other two. In the case we £re considering of ew cross 
between a red- and white-flowered plant? all the offspring ■ 
may l>e red, or they mp.y*all be white, or of an inter- 
mediate pink colour. We will consider these possibilities 
sepaihtely. 
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•As a result of crossing the red and white varieties of 
the plant Mirabilis jalapa, seed is produced which give 
rise to pink-flowered plants ; such plants are known as 
hybrids. The plants of this first hybrid generation are 
allowed to fertilize one another ; they produce seed, the 
nature of which is JestwF by sowing and raising. It is 
found that the seed produced by this union is not of one 
kind, but of threS kinds, and that the numbers of each 
kind bear a constant relation to one another. Of the 
offspring ftused § from this second cross one half will 
resemble their parents in having pink llowers, one 
quarter will resemble one grandparent in having red 
flowers, the other quarter will have white flowers, and 
sg resemble the other grandparent. Moreover, these 
red- and white- flowered plants, the offspring of hybrid 
parents, tiro as pure in nature as their original grand- 
parents, for when tested by breeding them tqgether, red 
flith red »aud white with white, they always produce 
pure - red* or pure white-flowered plants, lint the 
pink-flowered plants which * resembled their hybrid 
parents in flu* colour of their flowers behave in every 
way like llieir parents, for when they are bred together 
they givd.rise to red-, white-, and pink- flowered plants 
in the same constant proportions, 1:1: 2. What 
is thg explanation of this remarkable occurrence ? 
We have seen theft offspring arise from the germ cells of 
their parents. Germ cells are^)f two kinds, known as the 
male and female gametes, which unite and form a Inxty 
called a zygote ; the offspring arises from*this zygottf by 
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growth and cell division. In plants such as we are con- 
sidering the male gametes are contained in t*iie pollen 
grains, the female gametes in the ovules, from which the 
seed is ultimately formed. The red-flowering plants bear 
red flower producing gametes which may, for convenience, 
be termed red pollen and red ovules ; similarly, the white- 
flowering plants may be said to possess white pollen and 
white ovules. Now, the behaviour of the pink hyljrids 
on self fertilization can only be explained by supposing 
that their gametes do not bear a pink character, but are 
of the two kinds red and white, each present in equal 
numbers. In other worfls the germ cells of a hybrid are 
not of a hybrid nature. They are pure, but they are not t 
all alike : half of them are like the pure gametes of one 
pareut, the other half being like those of the other 
parent. This explanation will be undorstoqfl more 
readify by an illustration in which capital letters show 
the nature of the plant as regards the colpur of Jt§ 
flowers, and small letters show the nature of its gametes* 
i.n. their potentialities as* producers of plants bearing! 
flowers of such and such a colour. 

The parents which belong to different pure races* and 
the offspring of their union may, if our explanation be 
correct, be represented thus— 


One parent. 

The other parent. 

One of the hybrid 
offopringr 

RED 

WHITE 

PINK 

red 

idhite 

red 

red 

' white 

red 

red 

white 

white 

red 

white 

white 
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Aiyl if our assumption as to the nature of the germ colls 
in a hybrid is correct, on fertilizing one hybrid with 
another, a mixture of red and white pollen meets, a 
mixture of red 1 and white ovules. It is assumed that 
ther£ is no special attraction of one kind for its own or 
for the other kind ; we enust therefore suppose that in 
the meeting of gametes one kind is just as likely to 
meet its own kind, as it is to meet the other, for l>oth 
are present in equal numbers. Therefore, for every 
red pollen grain which seeks and finds a red ovule, a 
red pollen grain must find a white ovule, and for every 
white pollen which joins a wfiite ovule another must 
join a red ovule. The union between hybrid and hybrid 
J therefore l>e represented in thiH way — 

PINK 
-red 
jred 
■ white 
-*ohitr 


rrNK 

rrd — 
red . 
•white* 
white 


The result of this cross is therefore, 1 red red, 1 white 
whi|e, and* 2* mixed zygotes (the combinations*red while 
and whij£ red ore the same). We have seen that this is 
what is actually obtained in ex{)eriment. One out of 
four, 0»a quarter of the total offspring, tear red flowers, 
pid breed truly gnd resemble one of their grandparents 
in every way; another quaver bear white flowers and 
resemble their other* grandpanfu t, while the remaining 
half are hybrids like their parents. 
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The offspring which result from the interbreeding^ of 
the hybrids may be shown thus — 


RED 

PINK 

PINK 

WHITE 

red 

red 

red 

white 

red 

red 

red 

white 

red 

white 

white 

white 

red 

white 

itfiite 

white 


We see, then, how simple is the explanation of the facts 
on the assumption that the factors in*tho gametes of 
a hybrid are pure, but of different kinds. That the 
explanation is a true one is further shown by crpssiug 
a pure form with a hybrid form : the pure red variety 
with the pink hybrid. The result of such a cross may 
bo Hhown thus — 


PINK 

RED 

red 

red 

red - 

- - red 

wh ite 

red 

whi\e 

red 


If our assumption is correct, we shall expect one hnlf 
the offspring to be pink and the other half to be red, and. 
this result is actually obtained in experiment. 

In order to present the problem in its simplest form, 
I have chfcsen a case i.i which the hybrids resulting tyom 
the first cross do not resemble either one or tjie other 
parent, but are of an intermediate kind. It is more usual 
to find that the first generation of hybrids resembles in 
outward appearance one or other of their parents. 9 For 
example, if we choose a ta]j variety of pea plant and a 
dwarf of the same, aud # cross theip, we find that their 
offering are all of the tall variety. Tallness is said to 
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be ^dominant to dwarf ness, which in called recessive to 
tallness. • Using the same method of illustration as 
before, wo may show each of the parents and any one 
of the many offering in the following way : — 


One parent. 

The otlu-r parent. 

One *»f tlitfr hyhrul 
otVaprin^. 

TALL 

BWAKF 

TALL 

tall 

dwarf 

dwarf 

tall 

dhmrf 

dwarf 

tall 

dwarf 

tall 

tall 

dwarf 

tall 

The offspring which result from crossing the hybrids 
may be shown thus 

TALL 

TALL TAI.L 

DWARF 

tall 

/all tall 

dwarf 

lull 

tall tall 

dwarf 

tall 

dwarf dwarf 

dwarf 

fall 

dwarf dwarf 

dwarf 


Three quarters of the second ggiemtion of hybrids 
yill therefore he tall and one quarter will lie dVarf. The 
dwarf kiml will be pure, and will give rise only to dwarf 
offspring when interbred; In^ the tull ones will he of 
two kinds : one-third of them will be pure tall and will 
breejJ purely, %it two-thirds of them, although outwardly 
tall, will he hybrid, and* on breeding will behave in exactly 
the same way as the first generation of hybrids behaved. 

(JaA* such as that of ^lirabilis jalapa, in which the 
first generation of hybrids is very different in outward 
appearance from either of its parents, are comparatively 
rare. Another well-kgown case t>£ the same kind is that 
?f the Andalusian fowl. Birds of this breed are of a sjate 
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blue colour with a blackish uedk ; the; look like a jure 
breed, but if a large number of offspring— for example, 100 
—be batched from their eggs, only about 50 of them will 
be blue ; of the others, about 25 will %e black and 25 
will be white. If we wish to rear lOO^Eowls all of yhich 
will be of the blue Andalusian type we must cross the 
black and the white birds together. # Organisms such as 
the pink Mitahilis and the "blue Andalusian fowls are 
technically called heterozygotes. 

It is probable that dominance alone indicates the 
existence of a factor, and that it is incorrect to speak of 
a recessive factor ; for dkample, albinism or total absence 
of pigment, is in all known cases recessive to any kind 
of colour. Albinism is not the result of a factor, but 
is the result of the absence of any kind of colour factdr. 
Again, it haB been found tbat blue eyes in man. are 
always rfcesbive to*brown eyes ; the blue colour of the 
human iris is not due to a blue pigment, but^is a* resuit 
of the absence of pigment from the iris. A brown eye is 
due to a factor which produces hr Own pigment in the inn 
Brown eyes are therefore dominant over blue eyes. 

The Yoregoing is an elementary account of a •most 
interesting and important subject which is. growing 
rapidly at the present day. The result of crossing 
organisms which differ from jme another in mftfe than 
one factor, as well as many other important disooveriqp, 
cannot be mentioned here# 
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(Abbreviations; clef., tleflniUon; r., reference.) 

Abdominal muscles, pr,*wn, 152- 3 Anus, def,, 26 
Adaptation,* fwo olAsee of, Sol ; Aortic ampulla, in pond-snail, 111) , 

acquired, 251 4 ; Inherited, 254 7 absonce of, in land-snail, 127 
Aggregation, influence of, 248 9 Appendages, del., 134, 195 ; in 
Ague, cause of, 19 prawn, 189-48; scorpion, 105, 

Albinism, nature of, 278, 288 106 7 ; oockroaeh, 180-1 

Algae, in symbiosis, 45-6, 58 Arachnid*, r., 135 ; characteristics 

Alimentary system, of earth-worm, of, 162-8 

• 71 8; tape-worm, 90-1; oxyu- Arohaeoqytes, 46 
rtib, 90; mussel, 110 11 ; pond- Archaeopteryx, structure of, 288 
kdAU, 119-21 ; land-snail, 128; Artemia, orderly variation to, 

prawn, 1*9-52 ; scorpion, 170 1 ; 278 4 * , 

cockroach, 184 6; mosquito, Arteries.* See Circulatory System 
- 202 t Arthropod*, ahsenoe* of (Alia in, 20, 

Amoeba, rfnfractoristics and habi 94-5 ; nervous system, 04-6, 
Itatn of, 1-5; varieties, 5 6; 179; characteristic* of, 188 4; 

cnc)Htmcnt, 6; reproduction, f V^uoipal groups, 185 
*67; immortality of, 7 Ascarls, 95, 101 

Amylum, 46 Asexual reproduction. See Be- 

Ancylostcgnum, 101 production, Methods pf 

Andal&sian fJwl, variation in, Assimilation, various methods of, 
287-8 ■ 211-12 

Annelida, geheral charooterlbtlcs Auricle*, nature and functions of, 
of, 62 4 ; nervous system, 64-6 ; 112-18. See Circulatory Bystem 

dronldtjry system, 66-7; prin- 
cipal groups, 67 

Aaodon, ciroolatory system of, iiO, Bactrbu, oharaoterietioB of, 9; 

113 ^ r., 22, 44, 71, 210 

Antennae, of prawn, 146 1 ; cook- Bilkers! symmetry, def., 64 
roach, 180 *> Biology, del., 208 

Anterior, def., 04 Blood, function of, 66 7 ; examine 

Antibody, nature and action of, tlon of, 78 ;*glandm 74- 'See 
958 j * also Circulatory System 

• V 
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Botany, science of, 208 
Brancheostcgito, def., 138 
Branchiapoda, 135 
Buccal mass and cavity, in pond- 
amail, 119- 20 


CajjGUTiATionb, experimental, with 
regard to fluctuating variation, 
260-4 

Carbon dioxide, starch developed 
from, and water, 28, 45 
Cardiac stomach, in prawn, 150-1 
Carmine, use of, in microscopic 
examination, 26, 40 
Causo, relation of, to o vents, 272 3, 
275 

Colls, units of life, 1 et sqq. : 
Amoeboid, 41, 42, 44 
Archooocyte, 46 
Dermal, 41 2 
Ectoderm, 52 -3 
Emloderm, 53 
Epitlielial, 43, 44, 47 
Epithe^o-muscular, 5G-7, 58 
Ebunn, 84 ; def., 91 ( 

G astral, V, 43, 47 
Germ, 218 19 
Interstitial, 57-8, 59 
Nature of, 214 -16 
Socroting (sclerobliists),M 4-5t 
Coplialothorax, 137, If >2 
CeHtoda, excretory system oi, 83 -4 ; 
parasitism, 86. See Taenia 
naginata 

Channels, in Spongilla, 46-7 
Characters, cannot he too ex- 
clusively defined, 278 81 
Choliceroc, def., 162, 166 
Chitin, r., 14 ; def., 67 ; formation 
of, in Arthropoda, 133-4 
CUlorophyl, prosenec of, in flagcl 
late organisms, 27-8 ; properties 
of, 45, 46 ; in Hydra, 53 
Ckrpmatin, properties of, 43, 217, 

221-2 j 


' Chromosomes, mitosis, 217 ; nura* 
| bor of, 217-18 ; relation betw6en, 
and qualities convened, 221 ; 

| persistent individuality, 223, 
224; reduction in number of, 
in gametes,* 224 -5 
Cilia, nature of, 20 1; in Para- 
moncium, 21-2 ; in Nyctofoorus, 
24 ; in Vorticolla, 25-6, 27 ; 

• absence of, in Nomatoda and 
Arthropoda, 94-5 
Ciiliata, characteristics and habi- 
tats, 20-1 * ^ 

Circulatory System : 

Annelida. 66-7 ; earth-worm, 
73 4 * 

Araclmidir,’ scorpion, 167 -!) 
Arthropoda, 1 34 5 ; Crustacea, 
136; prawn, 144-5, 148-9 
Insecta, 179; cockroach, 183 
Mollusca, 102-3 ; mussel, 112 - 
14; pond-snail, 11 H 19; 
land-snail, 127 

Circumoesuplnigoal coimnibsuros, 
188; -connectives, dof., Go-G; 
r., 151 * 

Clitollum, def., 68; r., 71, 75, 7G 
Cloaca, def., 108 
Clypcal hairs, def., 193 
Clypcus, dof., 180 ; r., 193 
Cnidocils, function of, 55 
Coccidium, characteristics aud c 
habitats, 16-16, 18, 19; Cocci- 
dium schuborgi, development of, 
15-48 1 

Cockroach, parasibos fn, 5-6, 24; 
habitat and characteristics, 179- 
80 ; external structure, 180 ; 
appendages, 180 -1 ; tl orax, 182- 
83 ; circulatory system, 183 ; 
internal anatomy, 183-4; ali- 
mentary canal, 184-5; salivary 
glands, 186; respiratory system, 
186-7 ; nervous system, 187-8 ; 
generative organs, 188-9 ; r., 95, 

[ 166, 172 
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I'nolentoratn, rhar.ictcristio, of. 
5ft, (12, 220 

t'oelmn, iftf , (VI ; rnelnmate 
animal f', ilof., 0’1 . cnelnmic 
lluf-1, Gil. 71, 73 

Colbo cells. ,S/v t gosfcml 

Conjugation, 2 l, ‘31 

Crosv< rfiTliljjvtion. n-MilU of, *38*2 s 

t’nisitiHM. 133 * characteristic , of, 

vr, G # * 

Oil r it Ir. dnf , \i 

«\w< t 2, <l«-f of. and fu.i- lion*, 
1 M d 4 ; of Taenia a source of 
danger f M-J 

* • fc 

Dvuwis, rh.irV**: If , teaching of, 
on i-vol.ilion, 21*2. 25/5 
lbs chai.ien ii fu's.if, 137 

IVrm.t (in Spongill i) stiueLiiiv 
.uni I'luti'.u tcrjsfii VI tvi . '»ul»- 
■li i te.il cai il\, 40, 10 7 
l^dilngu, i , liar.i» , li*iiMir'- 7, •% 

P plohl is 1 '!- Minn i is, 152 
I | i|>i(i.i. oidu oi, 1 »7 
1 Jl'flUlM, l4»rtl idel’I-l if 4 •tin I li.ihi 
tilt IS Nl 0, !> J 
[lotVill.MlL 1 ^, 5.1 

a 

MAUTfi-wniiM ( Vhrrf'tima jwthu- 
mo), paiasifeos in, *1, t2, 11, 15: 
cli.uw teri-dics of. OR ; cvt« run] 
up pm ran cv, 68* ‘J , dissection, 
70 coelom ami septa, 70-1; 
aliment aiy canal, 7 1 3; *:i*L*tilar 
fcN-tein, 7a~l : generative organs, 
75 3 ; spermatheoae, 78 ; excre- 
tory system, 78 -II, 82 
Echiuoat^m, 226 
EctodeAi (Oodcntcratfi), Met sq<j. 
Uelopltism (Protozoans ct &qq. 
Elephantiasis, cause of, 101 
Embryology, do!., 241 , limits of, 
242 • 

Encystmeut, dof., C 
Endarnooba, characteristics of, 5, 6 


Kndoderm (I \v1en ferula 1, 50 #7 

Endup). mu (Pt..iiv,o.t). ;t 1 1 mi, 
Kiidii-ti'riiii ilit .151 
Finlodct nit>', sinn turn of, 172 1 
Enteron pu got ), drf , 50 
Eocene rock*, fossils in, ‘M0 
Epidermis, in Nenml-*!., 07 
Kpimciun, di (., IMS 
Kpitlu li.im, pavement. 10; roe 
lomie, iVi 

1’jtiglenA, mitiition of. ‘28 
Evolution, Scion Li -its in gciuu *1 
sigfeciuciit regarding <levi lop 
lllellt by, 232 , evidence for. 
;i Horded by eompaii ion, 282 t»; 
fossil-'. 2 »ii 11; developim nt, 
2^1 2 eireumsl.ineea wliieli iit- 
lliionrc; natural sole* t.inn. 
212 I, isolation, 241 S, hcgmgii* 
turn and nggregalion, 218 0 ; 
ex.Dllpb snl fossil uiigiikiUs, 250 
Ev< n tory s\st« ni * 

Vnnclida. 63, 78 i), 82 
Anichmda, 1(1,1; scorpion, 
l7 J J 

( V'lnd.i, 83 t , Jape- worm, 01 
f-ru-t.iw.rt, 13(5 , prawn, 155 (i 
Insect.! L70; f im kro.tcli, 184 5 

Molhiscj. mussel, 1H 

Hies - compound, in (.’rii'.fcaeca, 

1 ?n, 1 $7. 157, 1*10, mosquito, 
I'M. iim 

Factors, icbition of, to characters, 
278 81; dominant ot ivciskiv*, 
288 

Fetn.sLi n, 180 
Fibrils, 12 

Filariu medineusis, 101 
ffosiem. »SVt; iieprod union, M«*- 
tbodn of 

Flagella, dcf., 27 ; in llerpclo. 
mo mis, 30-] . Kuomdllu.. 40; 
Hydra. 54 
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Flagcllata, characteristics of, 27- 
8 ; plant or animal ?, 28 
Flame cells. See Cells 
Follicle, of ovum, 6 
Soramonifora, habitats and cha- 
racteristics, 7-8 

Fossils, study of, 236 7 ; record of, 
imperfect, 238; important re- 
sults obtained from study of, , 
240-1 ; 

Franqueiros, 270 

Fresh-water mussel, habitat and | 
external appearance of, 105-6; j 
internal anatomy. 106-7 ; dis- I 
trilmtiou of soft parts, 107-8; ■ 
mantle cavity and gills, 108-10 ; | 
alimentary system, 110-11 ; nor- j 
vuus system, 111-12; cyou- | 
latory system, 112-14 ; excretory i 
system, 114 j 

Fresh-water prawn, habitats, I 
130-7; external appearance, 
137; gill chamber, 138-9; ap- 
pendages, 139-43; mandihlo, j 
141 ; circulatory system, 144-5, 
148 s 9; alimentary t system, 
149-53 ; uoryoiiN svstom, 153-55 ; ■ 
excretory Bystem, 155-6; gene- 
rative organa, 156; eyes, '57, 
100 ; otocysts, 100-1 
Frog, parasltos in, 8b ; respiration 
of, 210 | 

Oamktkb, cMonocystiH and Cocci- ' 
dioni, 13-18; Hydro, 68, 69; ; 
nature of, 219, 220, 224-5; re- \ 
tain their individuality, 277, ; 
283-0 1 

Gametocytes, dof., 13 
Ganglia, dof., 64 ; positiou of, iu ] 
Annelida, 65- 6 ; suboesophagoal, : 
65 ; aupraoosophageal, 66 ; hi 
mussel, 111-12. Sec also ITer- 
vous System 

Gasteropoda, habitats and peculi- 
arities of, 103-6 


Gnstral chambers, 47 
Gastro-cardiac muscle, 149 
Gemmulea, characteristics of, 47 -8 
Genae, of cockroaoh, 180 
Generative organs, in oarth-worm, 
75— fl ; fcajft-worm, 88, 89-90; 
oxyurus, 97-100; pond-snail, 
121 -2 ; land-snail, 129-9; prawn, 
156; acorpion, 171; cockroaoh, 
*188-9* 

Geology, teaching of, 236-7, 239 
Gieinsa’s method (of staining), 30 
Gills. Sec Itospiratory Orgdns 
Glands : 

Albumen, 122, 129 
(Jolletorial, 188-9 
CoTiglobatc, 189 
Coxal, 163, 172 
Hermaphrodite, 129 
Mucous, 132 
Oesophageal, 72 
Salivary. See Alimentary 
S) stem 
Shell, 89 

Yolk, 89 f 

Gonaphophysis, dof., 189 
Out. See Kuter on 

HAKMOsroiuDiA, character imik* 
and development of, 18-20 
Halturas, in Mosquito, 197 
Hastate Plato, def., 150-1 
Heart, dof., 67. See Circulatory 
System 

Heredity, indefinite uses of the 
term, 276 ; Menders discovery, 
377; characters and factors, 
278-82 ; cross-breedinff^282-S 
^Hermaphrodite, def., 5u; — gland, 
129 

Ilerpotomoitts, habitats, 28, 82; 
activity, 29; structure, 30; re- 
production by fissurq, 81 
Hetorozygotes, 288 
lluxley, Thomas H., on ungulates, 
239 -40 
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Hybrid*, oflspi mg of, 283 8 

Hydatid Uistfftbrt, 9.1, 94 

Hydra, habitats, 60; visible to 
naked ey«, 61 ; uiumcopiciil 
examination, 51^ appearance 
and characteristics, 52-4 ; ten- 
taclos, 54 0 ; cells, 56-8 ; rep re- 
ductive methods, 58 9 

Hypos tome, dfcf , 62 


iMwy, of Mosquito# 192. si rue- 
tu io and habits, 107 8, 901-6 
Infusions, dof , 2 

hisccta* ld- r »; aharuutftriHtics, 178 '.I 
I ntostinai mh' civ, dcf.. 72 0, 71 
Irritability. nature of. in proto- 
plasm, 212 1 1 

Isolation, mil unices of, sports, 
245; Indian rats, 210-7: main 
tumnee of rat-os, 217 r sterility. 
# 247-8 


Km a A/a# -3 2 
Kaiysom* 1 , dof , 12 
K idncyt Kxc\ ct- *ry Sy d om 

Kiuctoii i ideas, 20 

• 

palps, in Molliibca, dof., 
108 9 
Labium, in c-ook roach, 181 
LabrAni, dof., 140; in cockroach, 
180 

Lamellae, ii* mussel, 100 10, of 
Araclitiida, lung books, 102 It 
LauioUi|>|pnchia, general rha- # 
ractesjstics, 103^ 

I^rnd -snail, differences botweon, 
and pond-snail, 126, 128-0; 

lung, 126 -7 ; kidney, 127 ; heart 
and pericardium, 127; alimen- 
tary system, 128; generative 
organs, 128-9 ; nervous system, 
129, 132* 


Larvae, of Taenia, 92 ; of l>i stoma, 
91; mosquito, 102-6 
Lateral, dof.. 64 
law omnia, 18 

41 Irishman, Donovan," budie-, 
Light, varying inJlmuicos of, 213- 
U 

laguna, clef., 181 

Liinulus, genual rlmrauterirttic.s, 
162 

1 lingua, of cockroach, dof , 184 
Lmnai-iii*. bin method of noun u- 
obiture, 227 

Lit I minus forticutu*-, pam.utos hi, 
16 18 

l.ivor, in pond-snail, 121. piawn, 
153; scorpion, 171 
Lnllbsa, characteristics, 7, 8 
Lu in brums, uxeietury -yateiu of, 
70, 82 

I .ung. bW Uofpiratory Orgiuis 


Macuouamkikh, dof., 17 
M'u-roniu loi, m t'iliiiUf, 21 ; I’aru- 
uioeriimi, 22 : undergo change, 
20; in NyrtolheiHs. 24 - Voi ti- 
ed In, 26-7 

Malaria, cause of, 18-20; carried 
l» yionipiito, 192 

Aulpighiun tubus, 163, 170, 171, 
179, 186, 204 

Mammals, cliraclcriBliCh of, 226 
Mandible*, in pond-snail, 119-20; 
prawn, 141 ; cockroach, 180-1 , 
mosquito, 19-8, 199-200 
Mantle, in Motlusca, 102, 106-9 
Maxillae. See Appendages 
M axil 1 i pods. Sec A ppuudag* k 
M endel, Gregor, lux theory of 
Heredity, 277 

^[crozoitcs, function of, 16, 19 
Mesoderm, dof., 62 
Mexogloca, def., 50 
Metabolism, fixture of, 209, *92 1 ; 
r , 66 
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216-18; reproduction, 218-26 ; 
new test applied to, 229 
Protozoa, dot, 1; habitats, 2; 
nature oi, 226 

ifeudopodia, in Amoeba, 8, 6, 6, 
44 ; absence of, in Sporozoa, 9 
Pulmonates, habitat of, 108 
Pupa (of mosquito), r., 192; struc- 
ture and habits, 196-7 
Pyloric chamber, in prawn, 151-2 


Respiration, process of, 209-1% 
Respiratory organs : • 

Absence of, in earth-worm, 74 
Arachnida, 162-3; soorpion, 
176-7 • 

Insecta, 178-9 ; cockroaob, 
186-7; mosquito, 19^-7 
Moliusoa, 102; pond-snail, 
116-17; land-snail, 126 


Radiolabia, characteristics ami 
habitats, 8-9 

Raduln, in pond-snail, 120 
Ruts, Indian, variation occurring 
in, 246-7, 268-9 
Reproduction, Methods of : 
Amooba (fission), G-7 * 

Annelida, 75-8 

Asexual (Schizogony), 15-16, 
18-19 

Goccidium, 15, 18-19 
Cockroach, 188-9 
Coelentcrata, Hydra, 58-9 
Doternfining factor in deve- 
lopment, 220-1 • 

Distoma,^84-5 
Fresh-water prawn, 156-7 
Ffagellata, 31-2 
Haomosporidia, 18-19 t 
Land-snail, 128-9 * 

Mitosis, nature of, «il-5 
Monoeystis, 12-15 
Mosqdito, 192-3, 206 
Oxyurus, 97, 100 
Paramoooiuin, 22-4 
Pond-snail, 115, 121-2 
Scorpion, 171 

Sexual (Sporogony), 17 -18, 19 
Similarity in methods of, 


■ 

SoAi'iiooNAi^iiTB, def., 141 func- 
tion of, 142 

Schizogony. See Reproduction, 
Asexual € « • 

Schizont, 16 

Scleroblasts. See Cells, Socreting 

Soolex (or Head), of Taenia, 88-9, 
92, 93 

Scorpion, habitats and gohoral 
characteristics, 164 ; external 
appearance, 164-5; appendages 
and food, 166-7; internal ana- 
tomy, 107 ; circulatory system, 
167 9 ; alimentary system, 
170-1 ; generative system, 171 ; 
excrotory system, 17i-S>; ondo- 
sternito, 172-3 ; nervous systenP, 
178-176 ; respiratory organ*, 
176 -7 

Secretions, internal, 34-5 

Segmentation, def., 62-3 ; in 
oarth-worm, (fe-9, 70-4, 76-78 ; 
tajip-worm, 87-90, 92; ]Prawn y 
137-9 

Sogrogation, meaning and influ- 
ence of, 248-9 

^Sominal vesoides. See Qitaorativc 
Organs _ ♦ 

Septa, dof. 9 7(f; in earth-won^, 


218-19 ! 70-1 

Spougilla, 47-8 * | Sotae, in Annolida, 67, 69 

Taenia saginata, 89-90, 9 f , Sexuad Reproduction. See Re- 

c Vortioella, 27 i production 

Resemblances, gedstio and non- , Shell, of mussel, structure of, 
genetic, 285-6 106-7 c 
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£iiica, 87, 45, 46 j 80-90 ; nervous system undc- 

SoAa, nature of, 218-19 veloped, 90 -1 ; excretory system, 

Species, subjective thing,'* 91 ; lifo-bistory, 91-4 

227-8 • Tentacles, of Hydra, 52; ex&mi- 

Spermathooae, 78. Sec Genera- nation of, 54 -6 ; of pond-snail, 

tive Organs • 115 ; laud-snail, 126 

Spermatoblast, 12, 76-7. Sec Torrioola, 67 
Generative Organa Testes, dof., 58-9. 8et Genora- 

Spormatozoon, 13. See Gametes ; tive Organs 
also Reproduction, methods ol Tissue, dof., 40 ; lymphoid, 74 
Spicules, In Spongilla, 3G-40; Treniatoda, oharaoteriatios of, 
growth of, 45; relation of, tb Distoma, 84-6 
gummules, 48 m I Trichina spiralis, 101 

Spongos. See Pori fern i Triohocophalus, 101 

Spongilla, whero found, 35 6 ; I Triploblatjtioa, dof., G2 
gonePal appearance, 36; skelo- ; Trophonaoleus, in UorpotomonoH, 
ton of, 37 ; living material, 89 ; j 30 

derma, 39-40 ; various kinds of ‘ Tronliozoltes, of Monocystis, 
cells in, 41 7; methods of re- j l* 13, 15; (Jocoidium, 16-17; 
production, 47-H i Haomosporidia, 18-19 

Spongin, 38 ! Trychooysts, 22 

Spores, characteristics of, 14 15 , | Trypanosoma, characteristics and 
• t % 2, 17 j habitat of, 31 

Sporogony. See Reproduction, ; Turtiellaria, characteristics and 
Roiual * liabitats, 84, 85 

Sporozoa, * characteristics and i Typhlosojo, dof., 73 
habitats, 9, 21 j 


1 l^porozdiU*, nature of, 14 19 
“ Sfaggora," t*nufw oi, 91 
fjtarch, manufacture of, 27-8, 45, 
• 4G 

Stigmata, doliuition and function 
of, 178 /m 

Stomodcum/of cockroach, 185 
Stylofi, in mosquito, 198, 199 
Symbiosis, f , 35 ; definition of, 45 
Syphons, in Pond-snaiJ, 110 
Systcmatists, work of, 234 


TtKNlA (tape-worms) :• 

coonurus, 94 

echinococcus, 93-4 

saginata, forms andttages 

of, 86 ; segmentation, 87 -90, 92 ; 
heads, 88-9; generative organ. 


Undo, of mussel, 105, 106 
[Jugulates, group of, 238-9; de- 
velopment in, 219-40 
Unicellular animals. See Pro- 
tozoa 

If tor us, function of, hi Taenia, 
89 90 

Vacx’olrs : 

Contractile, 4, 23, 24, 26 
Food, 4, 22, 26 

Variation, in relation to adapta- 
tion, 255: difficulty in deflnl- 
$ lion, 258 ; methods of studying, 
210; experimental calculations 
iii, 260-2; two kinds of, 262; 
fluctuating, J/G2-6 ; mutatjou, 
2GG-71 ; causes of, 271-5 
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Varlgny, M> I>e, quoted on Muta* 
tion, 260-70 

Vase deferontia, clef. and function 
of, 75, 7G-7. foe Generative 
•Organ*) 

Vena cava, def , U3 
Ventral, dot, 63 

Vertebrates, ohatactoriflfcicB of, 226 
Vestibule, m Piotoaoa, 21, 21, 25-6 
Visceral cavity ipond-wunl), dof , 
120 

VorticeUa, habitats and charac 


terihtics, 24-6 ; reproduction 
and dispersal of, 27 
Vries, M De, bis mefftiod of ana- 
lyzing .Vanatiou, 262, 266 • 


Ykabt, 210 


Zoor-OftY, science of, 208 
fjjgote, drf * 13, 14 ; of Goccidium, 
17 38, Pliwmodium, 19 20, 

• 219, 221, 2J7, 283 
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